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Preface
Along with the rapid increase in the world population and urbanization during our current
century along with the previous century, urban sprawl has been criticized as an unsustainable
form of urbanization. Urban sprawl is dened by land-use characteristics such as an expansion
of an urban area in outer fringe areas, low-density development, scattered development,
leapfrog development, and commercial strip development. It also drives negative impacts
such as increases in trac congestion and commuting time, air pollution, an increase in
energy consumption, increases in infrastructure maintenance and operation cost, hollowing
out in an urban central area, economic disparity, employment imbalance, loss of neighboring
community, and loss of agricultural and natural land. In the future, Japan will denitely
have a shrinking as well as ever-aging population. At the same time, the population has
continued to concentrate in the large city regions. These reasons have given rise especially
to a concern about the serious negative impacts caused by urban sprawl.
Researchers and experts have studied a shift into a sustainable urban form, "Compact
City", as a countermeasure against urban sprawl. A compact city is commonly dened by
the characteristics such as high-density, concentration of development, development in public
transportation network, and mono-centricity or poly-centricity. A compact city can overcome
some of the negative impacts driven by urban sprawl. It also enhances the quality of life by
oering a broad range of choices with regard to lifestyle and behavior including residences,
travel modes, and shopping goods. A compact city is generally tried to be realized by urban
containment policies, such as an urban growth boundary or a greenbelt. Considering the
urban dynamics including sprawl to be a complicated phenomenon of reciprocal interactions
of a wide variety of autonomous entities, such as individuals, households, and rms, however,
highlights the diculty in direct control of the urban dynamics.
The purpose of this dissertation based on the above is to design an agent-based model
(ABM) which can simulate the changes of an urban structure through autonomous daily
travel and residential relocation of urban residents, and discuss the indirect eect on realizing
a compact urban structure by some policies.
To design the simulation model, rst, the author reviewed the ndings in the research
elds of the urban land-use/transport interaction (LUTI) model. Urban sprawl is a spe-
cial kind of land-use change of a spatial expansion along a city boundary. And the funda-
mental principle that land-use impacts transport and vice versa has been acknowledged by
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many scholars, and supported by empirical ndings. From this background, many cross-
disciplinary researches have sought to formalize the relationship between transportation and
land-use. And they have been producing the models focusing on understanding, integrat-
ing, and predicting the location choices of households and rms, and the associated travel
activities. These research eorts have culminated in the development of operational urban
LUTI models as decision support systems considering the impacts of land-use on transport
and vice versa. The urban LUTI models have been built by various modeling approaches.
The author focused on an agent-based modeling (ABM) approach among them, since ABM
is the activity-based disaggregate modeling approach particularly emphasizes the point that
each autonomous agent learns, modies, and improves its own activities through interactions
with the environment (including other agents) where the agent is located, therefore, it is ex-
pected to contribute to exploring the eectiveness of policies in complex urban environments
through behavior-environment interactions. Above all, applications of ABM, which express
agents spatially-explicitly as both households/rms relocating and individuals using trac
networks, are considered to be particularly important, since they can reect the empirical
ndings by trac studies that urban structural variables impact on travel behavior.
Next, the author reviewed the ndings in the research elds of the revitalization of urban
central areas. Recently, particularly in advanced nations, the revitalization of urban central
areas, which are hollowed out along with urban sprawl, has become a critically important
issue, since they lose a large amount of social capital. Along with this, researchers and experts
have reevaluated the importance of informal public spaces for activities of local residents as
the way to regain people in urban central areas. The two factors are vital to forming such
public space. First, such public space needs to serve as a hub for people in their daily lives
so that they can visit there casually while they are out. As for such urban hubs, public
complexes based mainly on libraries have recently attracted much attention. The series of
Idea Store in London, U.K. and several pioneering libraries built and put into operation
recently in Japan are relevant to such cases. Second, such public space needs to generate
"street activeness" set in an open space, such as a street or a plaza, around the public space.
Street activeness is a source of diversity and tolerance, therefore, it can bring about not only
usefulness or eciency, but also creative, cultural, or recreational benets.
The author designed the simulation model based on the integration of the above-mentioned
conceptual frameworks. That is the agent-based urban land-use/transport interaction model
to consider qualitative benets obtained by using and being in an informal public space.
Then, the author tried to verify the possibility that a compact urban structure can be real-
ized indirectly by an informal public space, a policy to promote activeness in such a place,
and some transport policies.
Entities of the simulation model are a planar urban schematic and household agents who
act in the urban schematic. Both are expressed spatially-explicitly. The urban schematic is
the abstracted expression of a part of a typical regional city in Japan, which has a central
business district (CBD) and bedroom towns connected by railway. Household agents repeat
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daily travel and residential relocation, and they are processed by each sub-model. In the sub-
model of daily travel, each household agent leaves the residence for the job location. And
after all household agents arrive at each job location, they leave for the public facility. After
arriving and staying there, nally, they return to the residence. Then, the total travel cost
is calculated, and the value list of linked trips is updated. The following daily travel is done
based on this value list. Street activeness is generated when household agents, which travel on
foot or by bicycle around the public facility, interact face-to-face. Relevant household agents
gain benet brought about by the street activeness as activeness value, and the total travel
cost is reduced by this value. In the sub-model of residential relocation, after all household
agents x their travel mode in one way through the learning period, part of household agents
relocate their residences. Relevant household agents relocate to the candidate residence of
which the total living cost is the minimum. The total living cost of the candidates is the
sum of the total travel cost and the land rent. The change of land-use pattern is brought
about through these residential relocations. The single simulation process corresponds to
simulating 40 years in the real-world.
By using this simulation model, the author started the discussion with the simulation
experiments to verify the change of the urban structure, which was formed according to the
zoning with separation between residences and job locations, based on the introduction of a
public facility for urban resident and the implementation of a policy to promote activeness
around it. The simulation experiments were conducted while changing the location of the
public facility and the implementation scale of the policy to promote activeness. With these
simulations, the author claried the following points and how they were. First, the combi-
nation of the proper location of a public facility for urban residents and the implementation
of a policy to promote activeness around it was eective in maintaining a compact urban
structure. Second, the slight dierence in the location of such a facility might bring about
the signicant dierence in the future both static and dynamic urban environment.
Then, the author validated the simulation model according to the concept of Patters-
Oriented Modeling (POM). As a result, the simulation model reproduced the multiple social
phenomena (the observed patterns in the real-world, such as growth process of a low-density
suburb, expansion of urban areas, and switch from public transportation use to private
automobile use) which were not directly incorporated into the model. Therefore, the author
demonstrated that the simulation model can explain the real society to a certain level, and
the experimental results of this research are valid.
Next, the author discussed the change of the urban structure, which was formed according
to the zoning, based on the combination of the implementation of some transport policies
to improve an urban environment with introducing the public facility and implementing the
policy to promote activeness. As a result, the author claried the following points and how
they were. First, the synergistic eects of the policy to promote bicycle use, the proper
location of a public facility for urban residents, and the policy to promote activeness around
it, could impact positively on both static and dynamic urban environment. Second, the
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synergistic eects of the policy to control private automobile use, the proper location of a
public facility for urban residents, and the policy to promote activeness around it, could
impact remarkably positively on an urban environment. Third, depending on the slight
dierence in the location of the public facility, however, the advance of the policy to promote
activeness might impact rather negatively on the urban environment.
Finally, the author discussed the eect on improving the existent urban sprawl based on
the introduction of a tramway as a new travel mode for the residents in the sprawled suburb
area, in addition to the implementation of the same policies. As a result, the author claried
the following points and how they were. First, the urban sprawl that has been formed
along with the establishment of the residents' lifestyle over time is robust and irreversible.
Therefore, the combination of the proper location of the public facility for urban residents
and the policy to promote activeness around it is still inadequate to overturn this sprawl,
even though it can maintain a poly-centric form compact urban structure in accordance
with the initial plan. Second, the introduction of a tramway targeting the urban sprawl can
exert a profound eect only when combined with the above-mentioned policies, which lead
tramway users' walk before and after using the tramway, although it takes a long period.
Third, a mono-centric form compact urban structure, which diers from the initial plan, is
realized along with the above-mentioned point, and it improves the living environment for
the residents and revitalizes the urban central area.
All ndings described above suggest the followings. First, when a public facility for urban
residents is introduced to improve an urban environment, it is necessary to pay close attention
to its location and promoting activeness around it. Second, there are not only the positive
but also the negative synergistic eects of transport policies implemented in combination.
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Chapter 1
Introduction
This chapter, rst, describes urban sprawl, which is the background of this research, from
the viewpoint of its features, causes, and disadvantages. Next, describing a compact city
as a countermeasure against urban sprawl, from the viewpoint of its features, advantages,
and approaches for realization. Finally, describing the purpose of this research based on the
above.
1.1 Urban Sprawl Issues
1.1.1 What Is Urban Sprawl?
The world population has rapidly increased during our current century along with the previ-
ous century, and continued urbanization has taken place at various places around the globe.
Nowadays, more than half of the world population lives in urbanized areas [1, 2]. Many
researchers and experts predict that this unrelenting urbanization will not fade but continue
to advance [3]. Under such circumstances, urban sprawl has attracted much attention as
one of the issues that has been most widely discussed in the past few decades, coming under
re as an unsustainable form of urbanization [4]. Urban sprawl is a special kind of dynamic
land-use change due to urbanization [5], and commonly dened by the following land-use
characteristics [6, 7, 8, 9, 10, 11]:
• Expansion of an urban area in outer fringe (undeveloped) areas
• Low-density development
• Scattered development (multi-direction)
• Leapfrog development (discontinuity)
• Commercial strip development
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1.1.2 What Drives Urban Sprawl?
The following factors are generally believed to be important drivers to urban sprawl:
• Rapid population growth: caused by the total population growth and the population
inow into a city along with the changes in the industrial structure. The edge of the
city was physically pressed for expansion to accommodate the additional population.
[7, 12, 13, 14, 15, 16]
• Economic growth and associated increase in household incomes [12, 15, 14]
• Improvements in accessibility through the generalization of private automobile use and
development in road infrastructure: mainly accompanied by economic growth and in-
crease in household incomes. An increase in distance became not necessarily to result
in an increase in travel time, so relocating to suburbs has not been expected to lead to
inconvenience. [15, 13, 14, 17, 18, 16]
• Rise in land rent in an urban central area [19]
• Preference for low-density and wide residence: mainly accompanied by increase in
household incomes, improvement in accessibility, and rise in land rent in an urban
central area. [20, 13, 21, 15]
• Open competition among developers: causing the upsizing of commercial facilities in
suburb. [13, 22]
• Lack or failure of centralized planning and land-use policy: e.g., industrial location
policies on the periphery. [13, 22, 23]
When suburban land becomes fully developed, many of the preferable factors that at-
tracted people here are lost [24]. Then, new sites for development are searched in more
remote, yet fast and easily accessible undeveloped areas [25]. In this way, urban sprawl
advances into exurbs [16].
Thus, urban sprawl is a complex and multi-dimensional phenomenon driven by many
interrelated factors [26]. In other words, it is the result of the cumulative and interactive
processes, over time and space, of individual decision makings over location and land-use
[27].
1.1.3 What Are Disadvantages of Urban Sprawl?
Urban sprawl is often criticized because of its following environmental, social, and economic
negative impacts.
The negative impacts of excessive automobile-dependency and increase in trac are, rst,
increases in trac congestion and commuting time which generate e.g., forgone productivity
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and reduced the quality of life [20, 15, 28, 11, 29, 30]. Second, air pollution which increases
exposure to pollutants for residents and therefore causes adverse health impacts [28, 11, 17,
31]. It is also amplied by trac congestion [29]. Third, an increase in energy consumption
[17, 11, 32, 28, 30, 33, 10]. Per capita energy consumption also increases as urban densities
decrease [34]. Fourth, decrease in accessibility [20, 30, 17]. Diculty of accessibility to
commercial and public facilities are problematic especially for children and elderlies [20].
The negative impacts of low-density and discontinuity in land-use is increases in infras-
tructure maintenance and operation cost. Under these conditions, economies of scale in
public services such as water supply, public transportation, and public security are not ob-
tained, and these public services become inecient [20, 7, 35]. As a result, it become unable
to provide fair and adequate infrastructure [28, 11].
The negative impacts of suburbanization of urban activities such as residence and com-
merce are, rst, hollowing out in an urban central area [36, 23, 20, 18]. Decrease in benet
due to the following two "Economies of Agglomeration" is regarded as the large loss of so-
cial capital [19, 37, 38]. One is "Localization Economies", which is competitive advantage
due to geographical aggregation of interconnected organizations in a particular eld [39, 40].
The other is "Urbanization Economies", which is mutual complementary revitalization of
regional economy due to geographical aggregation of interconnected organizations in various
elds [39, 41]. Additionally, decline in activeness in a city distracts cultural activity and di-
versity [42]. Second, economic disparity and employment imbalance between an urban central
area and suburbs [15, 20, 17]. Third, loss of neighboring community. Low-density residence
decreases the residents' awareness and concern over local environment and social connections
along with decline in environmental and social capital, e.g., public security [37, 38].
The negative impacts of an expansion of a development area are loss of agricultural and
natural land [11, 32, 15, 43]. Residents lose the amenity as access to open space [20, 15, 28,
11, 43], while natural disaster risk increases due to, e.g., reduce of soil's capacity to absorb
water [44, 20]. Additionally, it might lose sensitive ecosystems and reduce diversity of species
[15]. In these developed areas, the durability of the built and paved structure loses the
opportunity to reconstruct land-use and to improve environment over the future [43].
Urban areas make up a small proportion of the earth's land surface area. These negative
impacts, however, cannot be disregard, since urban sprawl causes greater environmental
impacts than other land-uses [45, 46].
1.1.4 Where Are Urban Sprawl Problematic?
Urban sprawl has been very intense in US, where has experienced the drastic economic growth
from the 19th to the 20th century and kept high automobile-dependency due to vastness of
the country [12, 47]. In US, there has been another concern of the emergence of "Edge City",
which is an unplanned functional area in the edge of city regions [16].
European cities have historically been characterized by a compact structure. Many of the
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origins of existing cities are the colonial cities in Roman times. They started as a military
defense facility and equipped a solid outer wall called as castle wall. The castle wall had the
following two main factors resulting in this compact structure. One was the development of
high-density central business district (CBD) inside the wall. The other was the formation of
settlement patterns as a city and outer countryside [47, 4]. Even after modern times, in many
of these cities, the sites of the walls changed into important spatial resources such as ring
roads and open spaces and have kept the cities compact. In some of these cities, however, city
blocks have been formed outside the wall according to the modern city planning theories,
mainly due to the population inow along with the changes in the industrial structure.
Therefore, recently interest in urban sprawl has been also increasing in Europe [12].
In Japan, after modern times, the land-use patterns of high-density agglomeration around
railway stations had been dominant, regarding both residential areas and commercial areas. It
was because that main travel modes of residents were public transportation such as railway
and bus, and land suitable for urbanization was relatively small due to the mountainous
country [48]. From the beginning of the 20th century to the stable economic growth period
via the post-war high economic growth period, many bedroom towns were developed on the
suburb of large cities, along railway routes centering on such large cities. The advance of
motorization and lack of development regulation, however, changed the patterns dramatically,
and many of sprawled urban structures have appeared. That is, confused states of land-use,
where low-density urban areas, large commercial facilities, agricultural and natural land, etc.
are mixed, have been advancing until now [35, 49]. The decline of urban central areas, which
had been developed around the railway stations and were formerly the main transportation
nodes, has reected this situation. In the future, Japan will denitely have a shrinking as well
as ever-aging population. At the same time, the population has continued to concentrate in
the large city regions. These reasons have given rise especially to a concern about the serious
negative impacts caused by urban sprawl [35, 50].
Additionally, in the cities around the globe, particularly in emerging countries, the popu-
lation has increased, and urbanization has taken place rapidly. Therefore, urban sprawl has
become a topic of growing interest worldwide [12, 51].
1.2 Shift into Compact City
1.2.1 What Is Compact City?
Researchers and experts have studied a shift into a sustainable urban form, "Compact City",
as a countermeasure against urban sprawl that has driven such a multitude of negative
impacts [8, 52]. The compact city was initially proposed as a three-dimensional city to
realize high accessibility [53]. Afterwards, especially in Europe, usefulness in terms of fusion
of land-use policy and transport policy has been found, and eorts to realize it have been
actively made from the 1990s. These eorts reect strongly the retrospect to traditional
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urban spaces with high-density and human scale [54, 55]. In Japan, it is being promoted
as an urban structure suitable to the shrinking process of cities due to population reduction
and aging [35, 50].
The compact city does not have a generally accepted denition. It is because that the
process of identifying target cities and city regions necessarily involves arbitrary judgment
through adoption of political boundaries or density-based criteria [56]. It is, however, com-
monly dened by the following characteristics:
• High-density [57, 58]
• Concentration of development (suppression of an urban area) [56, 8, 57]
• Development in public transportation network (reduction of automobile-dependency)
[59, 29]
Two forms are found for city center:
• mono-centric form: the traditional concept of a center and hierarchically allocation of
hubs that range from the center of an entire city to a small hub that supports people's
daily lives [58, 56, 60].
• poly-centric form: allocation of multiple hubs linked with trac networks share their
own role, which ultimately forms a city region. This concept has been brought about
by enhancement of linkages of urban activities and spread of regional lives of urban
residents [56, 60, 35]. The core concept of European Spatial Development Perspec-
tive (ESDP) adopted by EU members in 1999 was the poly-centricity and distributed
centricity [61].
1.2.2 What Is Advantage of Compact City?
It has been proved that the compact city can overcome some of the negative impacts driven
by urban sprawl. For example, it improves environment, accessibility, and infrastructure
eciency and revitalizes an urban central area [29, 62, 63, 64]. Many studies have also
indicated that the compact city can enhance the quality of life by oering a broad range of
choices with regard to lifestyle and behavior including residences, travel modes, and shopping
goods [29, 65].
1.2.3 How Is Compact City Realized?
Individual governments generally try to realize this compact city concept by urban con-
tainment policies, such as an urban growth boundary (UGB) or a greenbelt [66, 57, 49].
Considering the urban dynamics including sprawl as complex phenomena of mutual inter-
actions of a wide variety of autonomous entities, such as individuals, households, and rms
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[47, 26, 27, 67, 68], however, highlights the diculty in direct control of the urban dynamics.
Urban planning, including the compact city policy, needs to present ideal models that have
been achieved. Moreover, in many cases, free activity developed by individuals and organi-
zations need to be restricted during the process of achieving the plan. In such a process, the
awareness of the negative eect on those subject to suering tends to be amplied, while the
awareness of the positive eect on those subject to benets tends to be diluted. Since it is
dicult to assert ultimate political authority under these circumstances in a democracy, this
makes it dicult to realize the compact city [69].
1.3 Purpose of This Research
With these in mind, this research designs an agent-based model (ABM) to simulate changes
of an urban structure through the induction of autonomous daily travel and residential relo-
cation of urban residents rather than the compulsion. And based on this ABM, this research
veries the following points:
• Are the introduction of a public facility for urban resident and the implementation of a
policy to promote activeness around it eective in controlling urban sprawl? （Chapter
4）
• Are the combinations of the implementation of some transport policies with introduc-
ing the public facility and implementing the policy to promote activeness eective in
controlling urban sprawl? （Chapter 5）
• Is the combination of the introduction of a tramway in the central urban area with intro-
ducing the public facility and implementing the policy to promote activeness eective
in improving existent urban sprawl? （Chapter 6）
1.4 Organization of This Dissertation
The remainder of this dissertation is organized as follows. Chapter 2 positions of this re-
search while reviewing the ndings in the two research elds, the urban land-use/transport
interaction model and the revitalization of urban central areas.
Chapter 3 describes the agent-based experimental model which can simulate urban struc-
ture changes through autonomous daily travel and residential relocations of urban residents,
according to the ODD protocol. Chapter 4 discusses the change of the urban structure, which
was formed according to the zoning with separation between residences and job locations,
based on the introduction of a public facility for urban residents and the implementation
of a policy to promote activeness around it, through the simulation experiments, to verify
the above-mentioned rst question. Chapter 5 discusses the change of the urban structure,
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which was formed according to the zoning, based on the combination of the implementation
of two transport policies with introducing the public facility and implementing the policy
to promote activeness, through the simulation experiments, to verify the above-mentioned
second question. Chapter 6 discusses the eect on improving the existent urban sprawl based
on the combination of the introduction of a tramway with introducing the public facility and
implementing the policy to promote activeness, through the simulation experiments, to verify
the above-mentioned third question. Chapter 7 concludes this dissertation by describing the
research achievements, and the future perspectives and issues.
1.5 Chapter Summary
Urban sprawl
This chapter, rst, described urban sprawl which is the background of this research, from
the viewpoint of its features, causes, and disadvantages. Along with the rapid increase in
the world population and urbanization during our current century along with the previous
century, urban sprawl has been criticized as an unsustainable form of urbanization. Ur-
ban sprawl is dened by land-use characteristics such as an expansion of an urban area in
outer fringe areas, low-density development, scattered development, leapfrog development,
and commercial strip development. It also drives negative impacts such as increases in trac
congestion and commuting time, air pollution, an increase in energy consumption, increases
in infrastructure maintenance and operation cost, hollowing out in an urban central area,
economic disparity, employment imbalance, loss of neighboring community, and loss of agri-
cultural and natural land. In the future, Japan will denitely have a shrinking as well as
ever-aging population. At the same time, the population has continued to concentrate in the
large city regions. These reasons have given rise especially to a concern about the serious
negative impacts caused by urban sprawl.
Compact city
Next, this chapter described a compact city as a countermeasure against the urban sprawl,
from the viewpoint of its features, advantages, and approaches for realization. The com-
pact city does not have a generally accepted denition. It is, however, commonly dened
by the characteristics such as high-density, concentration of development, development in
public transportation network, and mono-centricity or poly-centricity. The compact city can
overcome some of the negative impacts driven by urban sprawl. It also enhances the quality
of life by oering a broad range of choices with regard to lifestyle and behavior including
residences, travel modes, and shopping goods. The compact city is generally tried to be
realized by urban containment policies, such as an urban growth boundary or a greenbelt.
Considering the urban dynamics including sprawl to be a complicated phenomenon of recip-
rocal interactions of a wide variety of autonomous entities, such as individuals, households,
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and rms, however, highlights the diculty in direct control of the urban dynamics.
Purpose of this research
Finally, this chapter described the purpose of this research based on the above. This re-
search designs an agent-based model (ABM) which can simulate changes of an urban struc-
ture through autonomous daily travel and residential relocation of urban residents. Then
this research discusses the indirect improvement eect on urban structure by some policies,
through the simulation experiments.
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Chapter 2
Related Works and Position of This
Research
This chapter positions this research while reviewing the ndings in the two research elds, the
urban land-use/transport interaction (LUTI) model and the revitalizations of urban central
areas. These ndings are also the basis for designing the simulation model in the next chapter.
2.1 Urban Land-Use/Transport Interaction (LUTI)
Model
Urban sprawl is a special kind of land-use change of a spatial expansion along a city boundary
(building up and paving over undeveloped areas). Additionally, in urban planning, it is
impossible to experiment easily in the real cities, therefore there is a strong tendency to
respect and inherit the precedent experiences. From these points of view, to nd solutions
to problems of urban sprawl, the importance of land-use change modeling and simulation
researches has been further emphasized [5, 46, 70, 71].
Land-use changes come from its complex driving forces (social, economic, political, and
physical ones) and their interactions [5, 67, 68]. Above all, the fundamental principle that
land-use impacts transport and vice versa has been acknowledged by many scholars, and sup-
ported by empirical ndings [72]. From this background, over the past 60 years, considerable
number of cross-disciplinary researches have sought to formalize the relationship between
transportation and land-use using mathematical, statistical, and logical methods. And they
have been producing the models focusing on understanding, integrating, and predicting the
location choices of households and rms, and the associated travel activities including travel
mode and route choice [73, 72]. These research eorts have culminated in the development of
operational urban land-use/transport interaction (LUTI) models as decision support systems
considering the impacts of land-use on transport and vice versa. The urban LUTI models
have taken in various theories that can be applied either at an aggregate or disaggregate level
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of understanding decision-making behavior. As a result, these urban LUTI models have been
eclectic and based on a wide range of disciplines including economics, geography, psychology,
and complexity science [72].
The development of the urban LUTI models generally have gone through the following
stages. It is, however, necessary to note that the transition from one modeling approach
to the other does not necessarily result in a complete abonnement of the previous modeling
approaches. Rather, new modeling approaches have combined lessons from the past with
emerging theoretical and empirical insights, with the goal of overcoming a one aspect of the
limitation of their predecessors [72].
2.1.1 Urban Economic Theory Model
Von Thunen (1826) built an abstract land-use model which describes the spatial patterns
by dierent agricultural products in rural areas, by focusing on the distance from central
business district (CBD) and land rent. It was based on classical micro-economic theories
[74, 72]. Soon afterwards, the main stage of people's lives began to shift from rural areas
to cities. Especially in the West, from the end of the 19th century, urbanization had taken
place almost exponentially [75, 76]. At the same time, economics also began to be interested
in analyzing various phenomena in cities.
Under these circumstances, Alonso (1964) expanded the Von Thunen's theory to urban
issues and built an analytical land market model. According to his bid-rent theory, dierent
types of land consumers in a city choose locations by means of maximizing utility they
get from the joint consumption of spatial goods (land lot or house) and composite goods
(including travel costs) under their budget constraint (income). The outcome of the bid-rent
theory is a set of rent gradients (i.e., equilibrium rents at dierent distances from the city
center), and the equilibrium state, where labor households live concentrically apart by a
certain distance from the CBD, emerges [77, 78]. The bid-rent theory has become a basis
of urban economics which conceptualizes the relationship between development factors and
urban spatial structure [71]. The land-use models based on the bid-rent theory, including
the development models of them, are called urban economic theory model (or classical urban
micro-economic theory model) [79]. The Muth-Mills housing model is one of them and
extended Alonso model by introducing density of residential development [80, 81]. It was
the rst model to explain the dominant forces which encourage the growth of low-density
suburbs (i.e., sprawl) [29].
The urban economic theory models are based on the following assumptions [72, 82]:
• Homogenous and rational representative agents
• mono-centric and featureless urban space
• Impact of transport costs, a function of travel distance, on the location of urban activ-
ities
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• Instantaneous equilibrium dynamics by adopting a deterministic analytical approach
Despite these simplication, the urban economic theory models are theoretically grounded
in micro-economics, therefore they have been evaluated as oering a robust framework for
qualitative analysis of the relationship between land-use and transport [72, 83].
2.1.2 Spatial Interaction Model
In parallel with the development of the urban economic theory models, another approach
to urban phenomena was progressing. Spatial interaction approach came from the social
physic theory, grounded in the Newtonian concept of gravity, and empirical analysis of hu-
man spatial interaction behavior. This approach expresses the law of urban phenomena with
mathematical expressions [72]. Despite it was recognized that land-use impacts transport and
vice versa at least at the conceptual level, these mechanisms had been dicult to measure
empirically. Meanwhile, by the beginning of the 20th century, much knowledge about the
distribution and the dynamics of land rents, population, land use etc. in urban spaces, mainly
in the US, had been accumulated. This knowledge became to be expressed aggregately and
contributed to the development of the spatial interaction approaches through clarication
of the mechanism of interaction between land use and transport. Additionally, the urban
economic theory models have characteristics of the assumptions of rational behaviors and
poor spatial interactions. The spatial interaction models, however, have the converse char-
acteristics [84, 85]. Since the spatial interaction models are simple, persuasive, and tractable
mathematical models, these models have continued towards the analysis and prediction of
urban phenomena at the macro level.
First, the retail gravity model by Reilly (1931) aggregately represented the following
two heuristics. One is social attractiveness by the population agglomeration. The other is
decrease in the social attractiveness by spatial distance [86]. Then Hu (1963) developed this
retail gravity model and built the so-called Hu model. According to the Hu model, the
purchase probability of shopping goods in a commercial area by consumers is proportional
to the area of the store and inversely proportional to the time to reach there [87].
Based on these spatial interaction models, Lowry (1964, 1966) built Model of Metropolis,
which is the rst operational land-use simulation model. It was designed to simulate the
eects of urban renewal and slum clearance programs in Pittsburgh, Pennsylvania, US. Under
the assumption of xed locations of basic industries, each household were allocated to zones
from the initial job locations according to a function like the deterrence function used in most
trip-based travel forecasting models. Land-use changes are observed through these relocation
processes of households and non-basic industries [88, 89]. These original Lowry models were
recasted by proposing a matrix representation for the model components [90].
The Garin-Lowry model has been extended to various urban dynamics models by its
ease to understand based on the spatial interaction theory. Wilson (1967, 1970) drew on
the concept of entropy maximization to provide a general theoretical framework, against the
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weakness of gravity models that are based on heuristics and lack rationale [91, 92]. ITLUP
(Integrated Transportation and Land-Use model Package) was the rst software package of
operational LUTI models based on Lowry-type land-use model and developed to forecast
metropolitan spatial patterns of residential location and transportation [93, 94]. It has been
calibrated for over 40 regions across the world [72]. LILT (Leeds Integrated Land-Use Trans-
port Model) was the combination of Lowry-type land-use model and a conventional four-step
travel demand forecasting model [95, 96]. MEPLAN has a zone-based structure. Its struc-
ture is appropriate for modeling not only at a city region scale but also at a inter-city scale
[97]. Therefore, it has been used in a variety of major applications, including modeling the
regional impacts of the Channel Tunnel between England and France [98].
2.1.3 Spatial Econometric Model
Despite the simplicity and tractability, spatial interaction models had shortcomings of the
absence of theoretical foundation or the usage of inappropriate theory to describe the behav-
ior in the model. These shortcomings made them become replaced by new models consistent
with econometric theory. The econometric theory is an economic theory based on spatial
behavioral analysis [83, 72]. These spatial econometric models capture the relationships be-
tween individual-level socio-demographics and travel activities as the rational choices among
discrete alternatives [99]. These models provided a robust framework that could capture
probabilistically the complex decision dynamics, including land-use and transport at the in-
dividual level, as a set of aggregate relationships. In the bid-rent theory, land rents are an
immediate result of the bid-auction process. In contrast, spatial econometric models don't
buy or rent lands with no instant. Therefore, these models are often estimated to more
realistically represent land markets in the real-world [100].
First, McFadden (1973, 1978) developed the classical utility theory, which was based on
complete rationality, to the random utility theory, which captured decision makings under
uncertainty in terms of probability distributions [101, 102]. And Lerman (1976) applied
random utility maximization theory and discrete choice modelling to empirically estimate
joint probability choice models of residential location and travel decisions [103]. These works
showed that spatial econometric models could be applied to problems such as simultaneous
choice of residential location and travel.
And based on these contributions, new generation urban land-use/transport interaction
(LUTI) models continued to be developed mainly from the early 1980s to the 1990s. CAT-
LAS (Chicago Area Transportation-Land-use Analysis System) was designed to simulate the
eects of transportation improvements on land markets and social welfare in Chicago, Illi-
nois, US. It applies stochastic variation to preferences and decisions rather than followed the
traditional deterministic approach that assigns each dwelling to the highest-paying buyer, in
the process of equilibrium between demand, supply, and costs for housing. Additionally, this
model was calibrated with census data, which is detailed aggregate data [104, 105]. MET-
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ROSIM is the modied model of the original CATLAS for the New York City metropolitan
region. It can consider commercial oor space markets along with housing market and non-
commute travel and trac assignment along with commute ones, unlike the CATLAS system
[106]. DELTA/START have detailed demographic transition sub-models to capture the dy-
namics of household formation, dissolutions, and transformations as well as employment
transition sub-models to simulate the creation and removal of jobs [107]. MUSSA was devel-
oped to provide the forecasts of land-use and travel demand in Santiago, Chile. It integrated
modied bid-rent approaches and spatial econometric modeling approaches for land market
sub-models. And it showed that both approaches are inseparable rather than opposed and
lead to similar results [108, 109].
2.1.4 Microsimulation Model
Despite these advancements, many of the spatial econometric models retained some problems
left over from the previous generation of models. First, most of the models remained highly
aggregate, despite the disaggregate calibration. This became a source of bias in forecasts.
Second, all the models were essentially static in nature and their structure forced them to
reach a general equilibrium at each time step in model running. Third, little advancement
was made in the transportation component of the model. most of the models continued to use
trip-based, four-step forecasting process. Since the 1980s, however, new modeling approaches,
which can represent important change processes in cities at a detail level to address many
problems such above, have been explored. One of the backgrounds of these approaches has
been the rapid advances in computing power and eciency of data storage which model
developers can use. The microsimulation approach represents the aggregate behavior of a
system explicitly over time as the sum of the actions and interactions of the disaggregate
behavioral units within the system [73, 110]. Based on this approach, activity-based urban
land-use/transport interaction models began to be developed. They represent the whole
urban dynamics including land-use change and travel behavior spatially and/or temporally,
by modeling behavioral principles of individual entities (e.g., persons, households, rms) and
running them in parallel. Many of these microsimulation models also have the advantage of
ease to understand their structure and good operability. For this reason, microsimulation
models have been evaluated as a valuable tool to forecast the eects and impacts of land-
use and transport policies on real cities, at necessary spatial and/or temporal resolution
[111, 112]. They also escape the large amounts of bias and lead to poor forecasts which
closed-form mathematical and statistical representations of urban systems often introduce
[110, 73].
IRPUD (The Institute of Spatial Planning of the University of Dortmund) is the LUTI
model dealing with urban decline. It can be seen as a kind of spatial interaction models,
since it uses gravity models to allocate the distribution of land-use. It, however, governs
some of the mutually linked sub-models (e.g., household residential relocation sub-model) by
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a microsimulation process [113, 114]. UrbanSim has been developed to forecast and evaluate
the long-term impacts of urban policies from the aspect of such as housing locations, trac
congestion, environmental change, and resource consumption. It appeared in transition from
a static and equilibrium simulation format to a dynamic microsimulation model, thus it is
extensively based on the spatial econometric modeling framework. In terms of forecast based
on Monte Carlo simulation, however, it also has the characteristics of microsimulation mod-
els strongly [115, 116]. ILUTE (Integrated land-use, Transportation, Environment) model
consists of four interrelated components: land-use, location choice, auto ownership, activ-
ity/travel patterns. The land market trades not on a per-zone basis but on an individual
property basis [117, 118]. RAMBLAS was developed to simulate of land-use and transport
policies on the entire Dutch population (estimation at more than sixteen million), beyond
the city region scale [119, 73].
2.1.5 Agent-Based Model (ABM)
In the above-mentioned microsimulation models, the impacts of interaction between indi-
vidual entities or between individual entities and environment are relatively limited and
disregarded in both land-use components and transport components. Recently, researchers
have supported a concept to express the real-world complicated system including a city as
a macro-level state that is generated by micro-level collective interactions of multiple au-
tonomous agents, rather than integrating such a complicated system based on closed-form
mathematical representation [120]. The activity-based disaggregate modeling approach par-
ticularly emphasizes the point that each autonomous agent (e.g., household members or rms)
learns, modies, and improves its own activities through interactions with the environment
(including other agents) where the agent is located. Based on the above-mentioned concept
of complexity science, this modeling approach is referred to as the agent-based model (ABM)
[47, 121, 122, 123, 124, 125]. The traditional analytical approaches had diculty to capture
complex systems including non-linear patterns and phenomena. On the contrary, ABM is
a exible and robust modeling framework for a natural description of these complex sys-
tems as an emergence as bottom-up self-organization [126, 122, 123, 124, 125]. Since ABMs
are calibrated on historical data and lack a strong behavioral interpretation, they are often
considered not to be particularly well suited for empirical prediction [127, 128]. They are,
however, most useful for researching the mechanisms by which simple rules translate into
complex emergent phenomena. Therefore, they are expected to contribute to exploring the
eectiveness of policies in complex environments through behavior-environment interactions
[129, 64, 130].
The ABM initially applied to the land-use model as a spatially-explicit cellular automaton
(CA) form [131, 132, 133]. CA, introduced by von Neumann (1966), is a discrete, iterative,
and dynamic spatial system where each cell that uniformly lls in the model space changes
its state according to a set of transition rules referring its previous state and the state of
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neighboring cells [134]. Therefore, CA models can be regarded as extension of ABMs, where
individual cells are autonomous agents [73]. In the CA-based land-use models, which serve
as a typical application in social science, the state of each individual cell in the model space
indicates the specic land-use including residences or rms [132]. Classical CA-based models,
represented by the segregation model by Schelling (1969, 1978), have been used as abstract or
analog models of urban morphology which describes emergences of simple patterns [135, 136].
Such models have subsequently continued to develop as hybrid agent-based urban models
through relaxation of the basic assumptions, for example, as described below:
• Interaction between non-spatially-explicit neighboring cells or agents, by reecting the
situation of communication and trac in the real-world
• Particulate agents on a continuous space rather than discrete cells, representing a state
of land-uses including residences and rms
• Integration with the social or economic theories to describe land-use or population
distribution
Recently, more application orientated models, which are calibrated in real-world data
including GIS data, have also been proposed [137, 138]. A series of these models have
contributed to express complicated macro-level land-use patterns of cities including clusteri-
zation and sprawl as self-organization through micro-level adaptive behavior of agents, such
as households and rms. Such models have served to explore urban growth scenarios.
SLEUTH (Slope, Land-cover, Exclusion, Urbanization, Transportation, Hillshade) is one
of urban growth models (UGMs) based on CA, and mainly has been used to analyze urban
sprawl and to explore future scenarios of land-use changes and urban growth. It has been
more application orientated and calibrated in real-world data in the process of being applied
to various city regions [137, 139, 140]. MURBANDY model is the standard non-spatial hy-
brid model combining the "bottom-up" CA approach with the "top-down" regional economic
and demographic approach. It was developed to forecast the demand for future agricultural,
residential, and commercial/industrial land-uses [132, 141]. DUEM (Dynamic Urban Evolu-
tionary Model) is the urban growth simulation software with limited GIS-like functionality
but oriented to the analysis of spatial dynamics. It can accept a very wide range of hy-
pothetical as well as real applications [70, 142]. Agent-based LOcation Model (ABLOoM)
is the abstract model of land-use dynamics without land markets. Its modeling concepts
is based on not only urban economic theories but also complexity science theories. It can
simulate the location decisions of two main types of agents, households and rms. It also
showed that macro-level land-use patterns (e.g., residential and commercial agglomeration)
emerge from micro-level spatial decision rules [85]. RESMOBcity is the spatially-explicit
agent-based simulation model. It can simulate residential land-use patterns in both urban
population growth and shrinkage processes through the residential relocation of household
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agents [143]. LEAM (Land-Use Evolution and Impact Assessment Modelling) is also UGMs
based on CA and used to forecast the spatial extent of urban sprawl and the environmental
impact along with it, as driven by the interaction of economic, ecological, and social systems
[15]. ALMA (Agent-based Land MArket) endogenously replicates the mono-centric spatial
pattern as urban economic theory models do, by modeling explicitly spatial and market
interactions between buyers and sellers based on dierent decision rules in a homogeneous
landscape. Then it demonstrated that urban expansion is led by changing the relative market
power of buyers and sellers through land rents change [144]. Agent-based Household Res-
idential Relocation Model (HRRM) was developed to visualize the eect of this residential
policy such as encouraging households' relocation to downtown areas to realize a compact
city. Interactions between household agents are assumed as inuence by the policy attitudes
of households from the entire city (global level) and their neighbors (neighborhood level)
at residential relocation in response to the changes of lifecycle stages household relocation
behaviors [64].
The above-mentioned ABMs express not only the result but also the process of residen-
tial relocation, which is a form of land-use change, spatially-explicitly as the movement (or
state transition) of agents (or cells). And at the residential relocation, each agent considers
the inuence of transport (mainly representing commuting) originating from their position,
so these models can be regarded as urban LUTI models. The travels of agents are, how-
ever, usually represented as calibrated parameters, which reect socioeconomic inuences,
and/or transport performance functions, which represent the cost from the origin to the
destination, only immediately and implicitly. On the other hand, it has been empirically
demonstrated by trac studies that urban structural variables (i.e., density, accessibility,
and travel distance) impacts on travel behavior [145, 146, 147]. There have been, however,
only a small number of applications of ABM which express agents spatially-explicitly as both
households/rms relocating and individuals using trac networks. One such model to be
called the seamless agent-based LUTI model is the bipolar formed urban dynamics simula-
tion model by Taniguchi (2011). In this model, changes in distribution of residences emerge
through the daily travel of individual residents (households) and their relocations which are
spatially-explicitly expressed [148].
2.2 Revitalization of Urban Central Area
Recently, particularly in advanced nations, the revitalization of urban central areas, which
are hollowed out along with urban sprawl, has become a critically important issue. The
hollowing out in an urban central area loses a large amount of social capital [37, 38]. Taut
(1919) has insisted that "Center (crown)" is necessary in modern cities. The center doesn't
indicate informal space to enrich the daily lives of citizens, such as large and small plaza,
cultural facilities including libraries, restaurants, or cafes, rather than formal objects to show
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o the greatness of the authorities, such as ancient Acropolis temples, medieval cathedral, or
modern royal palaces [149]. Jacobs (1969) has emphasized the attractiveness of a city as a
lively and bustling place which has served as a market for exchange from the time before the
establishment of the concept of nation or trading by using currency [150]. She has also pointed
out that the attractiveness of such places is brought about by the diversity of people and
building uses, the human scale, and the neighborhood community [151]. Oldenburg (1989)
has also argued that the third place other than residences (the rst place) and workplaces
(the second place) is necessary to make citizens revitalize urban societies and communities.
The third place indicates common spaces where urban residents can get together and enjoy
interaction easily, such as streets, plazas, or public facilities [152]. Recently, researchers
and experts have reevaluated the importance of informal public spaces for activities of local
residents as an antithesis to urban development on an inhuman scale, as well as the way to
regain people in urban central areas [153, 154].
The two factors are vital to forming such public space. First, such public space needs
to serve as a hub for people in their daily lives so that they can visit there casually while
they are out. Second, such public space needs to generate "street activeness" set in an open
space, such as a street or a plaza, around the public space.
2.2.1 Library as Urban Hub
As a public space to enrich the social capital, complexes based mainly on libraries have
recently attracted much attention. It is because a library originally has an agglomeration of
information resources that can be available for all citizens, while possessing the groundwork
for serving as a hub to promote and propagate new cultural activities by utilizing such
information resources [155].
The representative one is the series of Idea Store in London, U.K. Except for a few Nordic
countries, the use of public libraries is still a minority custom in most countries, including
the UK where established the concept of public libraries and US. This situation is the result
of long-term operation of separating the high culture from the popular culture [156], libraries
have often excluded non-high-educated people by the style "like a palace of bourgeois" [155].
And another handicap is also keeping people away from libraries. It is the development of
information and communication technologies, which has drastically decreased the people's
priority of going to specic places all the way to search for information in their daily life
since they have been able to get information "now" and "abundantly". In response to this
situation, Idea Stores have been introduced to create the hubs for various creative activities
in the community through social education as well as to revive libraries. One strategy is
accessibility. Idea Stores particularly focus on saving time for users and are located in
commercial districts which many people visit for work and shopping. And the opening
time is relatively long. The other strategy is content diversity. Idea Stores not only provide
library services as well as other public services, but also attach commercial facilities including
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a cafe. These expansion of oering services and media aims to invite library users rather than
urge the use of "classical" services like libraries. The simulation experiment shows that the
addition of public service tenants and commercial service tenants in the same facility exerts
mutually good impacts on customer attraction since it attracts people of dierent lifestyles
[157]. This research supports the eectiveness of their strategy. These strategies have been
successful, and ve Idea Stores (in Bow, Canary Wharf, Chrisp Street, Watney Market and
Whitechapel) have increased the users. In these ways, the Idea Stores has established a
strong identity of community-based open libraries, where urban residents can easily stop o,
coincidentally discovery something, and encounter someone [158].
Recently in Japan, several pioneering libraries based on the similar concept have been
also built and put into operation 1. These public libraries, while oering the library service
as the core function, provide a wide variety of other services. These may include attached
commercial facilities, such as cafes, and facilities that promote learning and civic activities.
They also try to enhance convenience for visitors by various policies including the extension
of opening time. By doing so, they aim to serve as a hub for local culture.
2.2.2 Street Activeness
Street activeness indicates a lively situation where individuals gather and stroll around down-
town while enjoying exchanges, such as encountering various people, contacting various shop-
ping goods, and experiencing other services [159]. It is a source of diversity and tolerance
[42, 160]. Therefore, it can bring about not only usefulness or eciency, but also creative,
cultural, or recreational benets.
From a historical point of view, it has been pointed out that socio-ethnic and religious
diversity and tolerance have fostered cultural, scientic, and economic advancements through
free interactions between diverse groups of individuals, in the history of urban civilizations
[161, 16].
From a humanistic psychological point of view, it has been said that since humans inher-
ently social creatures, who need to contact with and build a mutual complementary relation-
ship with others [162], they can full "Social Needs" such as having "Sense of Belonging" by
interacting with others [163].
From an economic point of view, it has been long argued that the density of interactions by
various people propels economic activity [164, 165]. Recent researches have also indicated that
such interactions can enhance economic productivity through creative knowledge spillover
[166, 167, 168]. And the empirical studies have also demonstrated the positive association of
societal tolerance with a creative urban environment [166, 169, 170]. Furthermore, the ABM
simulation has suggested that the combination of urban policies results in greater population
density, creativity diusion, and economic growth even in emerging countries where urban
1e.g., Musashino Place in Tokyo, Japan (2011), Takeo City Library in Saga, Japan (2013), Gifu Media
Cosmos in Gifu, Japan (2015), Art Museum & Library, Ota in Gunma, Japan (2017)
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sprawl is advancing [171].
From a sociological point of view, the following positive feedback has been demonstrated
empirically: the number of people that visited a certain place including their sojourn time
they spent there can derive positive evaluations for the place, such as cheerful and lively
atmosphere, and at the same time these positive evaluations attract further activities [172].
It has been also recognized that the above-mentioned benets of street activeness based
on face-to-face interactions (geographical aggregation) continues to play a proper role in cities
even though electronic remote interaction technology continues to advance, as shown by the
prosperity of Silicon Valley or Bangalore [153, 167].
2.3 Position of This Research
This research, by integrating the above-mentioned conceptual frameworks, designs the agent-
based model (ABM) to consider qualitative benet obtained by using informal public space
and being in such a place, along with the daily travel of urban residents. Then this research
veries the possibility that an urban environment can be controlled indirectly by locating
such a space, promoting activeness in such a place, and some transport policies, through
residents' selection of daily travel mode and where to live, both of which are expressed
spatially-explicitly.
2.4 Chapter Summary
Urban land-use/transport interaction (LUTI) model
This chapter, rst, reviewed the ndings in the research elds of the urban land-use/transport
interaction (LUTI) model. Urban sprawl is a special kind of land-use change of a spatial ex-
pansion along a city boundary. And land-use changes come from its complex driving forces
and their interactions. Above all, the fundamental principle that land-use impacts transport
and vice versa has been acknowledged by many scholars, and supported by empirical nd-
ings. From this background, many cross-disciplinary researches have sought to formalize the
relationship between transportation and land-use. And they have been producing the mod-
els focusing on understanding, integrating, and predicting the location choices of households
and rms, and the associated travel activities. These research eorts have culminated in the
development of operational urban LUTI models as decision support systems considering the
impacts of land-use on transport and vice versa. The development of the urban LUTI models
generally have gone through the following stages.
• Urban economic theory model
• Spatial interaction model
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• Spatial econometric model
• Microsimulation model
• Agent-based model (ABM)
This research focused on ABM among them, since ABM is the activity-based disaggre-
gate modeling approach particularly emphasizes the point that each autonomous agent (e.g.,
household members or rms) learns, modies, and improves its own activities through inter-
actions with the environment (including other agents) where the agent is located, therefore,
it is expected to contribute to exploring the eectiveness of policies in complex urban en-
vironments through behavior-environment interactions. Actually, a series of ABMs have
contributed to express complicated macro-level land-use patterns of cities including clusteri-
zation and sprawl as self-organization through micro-level adaptive behavior of agents, such
as households and rms, and served to explore urban growth scenarios. Above all, applica-
tions of ABM, which express agents spatially-explicitly as both households/rms relocating
and individuals using trac networks, are considered to be particularly important, since they
can reect the empirical ndings by trac studies that urban structural variables impact on
travel behavior.
Revitalization of urban central area
Next, this chapter reviewed the ndings in the research elds of revitalization of an urban
central area. Recently, particularly in advanced nations, the revitalization of urban central
areas, which are hollowed out along with urban sprawl, has become a critically important
issue, since they lose a large amount of social capital. Along with this, researchers and experts
have reevaluated the importance of informal public spaces for activities of local residents as
an antithesis to urban development on an inhuman scale, as well as the way to regain people
in urban central areas. The two factors are vital to forming such public space.
First, such public space needs to serve as a hub for people in their daily lives so that
they can visit there casually while they are out. As for such urban hubs, public complexes
based mainly on libraries have recently attracted much attention. The series of Idea Store in
London, U.K. and several pioneering libraries built and put into operation recently in Japan
are relevant to such cases.
Second, such public space needs to generate "street activeness" set in an open space,
such as a street or a plaza, around the public space. Street activeness indicates a lively
situation where individuals gather and stroll around downtown while enjoying exchanges,
such as encountering various people, contacting various shopping goods, and experiencing
other services. It is a source of diversity and tolerance, therefore, it can bring about not only
usefulness or eciency, but also creative, cultural, or recreational benets.
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Position of This research
Finally, this chapter described the position of this research based on the above. This research,
by integrating the above-mentioned conceptual frameworks, designs the ABM to consider
qualitative benets obtained by using and being in an informal public space. Then this
research veries the possibility that an urban environment can be controlled indirectly by
locating such a space, promoting activeness in such a place, and some transport policies, in
the next after the next chapter and beyond.
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Chapter 3
Simulation Model
This chapter describes the agent-based experimental model which can simulate urban struc-
ture changes through autonomous daily travel and residential relocations of urban residents
based on the conceptual frameworks mentioned in the previous chapter, to verify the eec-
tiveness of policies to improve an urban environment. After describing the modeling policy,
the structure of the experimental model is described on purpose, entities and scales, state
variable, process overview and scheduling, initialization and input data, indicators to evaluate
results, and sub-models, according to the ODD protocol.
3.1 Modeling Policy
Many researchers have emphasized that the models, not limited to ABM, should be tailored to
the research question and abstracted as much as possible, rather than incorporate too many
aspects of the real-world, in simulating real phenomena [127, 173, 174], since the abstraction
brings the possibility to capture the essential factors which generate phenomena considered as
complicated in the reproduction process of the phenomena [175]. Based on this concept, this
research focuses especially on the daily travel and residential relocation of urban residents
through their interactions, as well as the resulting change in land-use pattern, and simplies
the other factors as far as possible. The overview of the experimental model was described
below according to the ODD protocol. Model formulation according to the ODD protocol is
eective for understanding and reproduction of the experimental models by others [176, 124].
3.2 Purpose
By modeling and running the ABM that abstracted a city and activities of the residents in the
city, this research veried the eects of controlling the urban structure, which was planned
according to the zoning with separation between residences and job locations, based on the
introduction of a public facility for urban residents and the implementation of a policy to
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promote activeness around it. Additionally, this research veried other cases when combined
with the two transport policies to improve urban environment, which are known as mobility
management.
3.3 Entities and Scales
Entities are a planar urban schematic and household agents who act in the urban schematic.
Both are expressed spatially-explicitly. Planar size of the model space corresponds to 20km
square in the real-world. Coordinate is a continuous value. Fig. 3.1 shows the urban
schematic. This is the abstraction of a part of typical regional cities in Japan, which has a
central business district (CBD) and bedroom towns connected by railway. They were planned
according to the zoning with separation between residences and job locations. Therefore, they
are also regarded as a poly-centric form compact city, which is composed of multiple hubs
linked with trac networks and sharing their own role [56, 60, 35]. In the urban schematic,
two domains are located: the residence district and the central business district (CBD).
The residence district is the aggregation of residences, which are the starting point and the
nal destination of each household agent's daily travel which corresponds to commuting.
CBD is the aggregation of job locations, which are also a halfway point of the travel. The
distance between the centers of each district is 4-kilometer at the same latitude. Two railway
stations, the residence station and the central station, are located at the centers and they are
connected by a railway. Additionally, a highway is located 500-meter north of the railway. To
simplify the simulation, there are no trac ow controls such as trac lights, roundabouts,
and one-way streets, and uniform and high-density sidewalks and roads are located on this
whole urban schematic. With the assumption, household agents can freely travel on this
space on foot, by bicycle or private automobile.
Based on the statistical data on the railway transport, the residence station covers 10,000
households in the real-world. Considering the processing capacity of the computer, however,
1,000 household agents are set in the residence district. That is, one household agent corre-
sponds to 10 households in the real-world. In the residence district, as the initial location,
residences of the same number as household agents are located randomly based on normal
distribution centering on the residence stations. Similarly, in CBD, job locations of the same
number are also located randomly based on normal distribution centering on the central
station. The residence station is also equipped with bicycle parking that can hold enough
bicycles. Each job location is equipped with parking and bicycle parking. Additionally, one
public facility such as a complex mentioned in the previous chapter: a public facility for stop-
ping o （PFS）, is located in the central area or the suburb of CBD. PFS is also equipped
with parking and bicycle parking that can hold enough private automobiles and bicycles.
Within 500-meter radius centering on the facility, which was set as an inuential area, the
implementation of the policy to promote activeness was considered.
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Fig. 3.1: urban schematic
3.4 State Variables of Household Agent
State variables of household agent are as follows:
• Position of the residence
• Position of the job location
• Type of linked trip selected currently
• Value list of linked trips (updated based on daily travel cost)
To focus on the change in land-use pattern through the residential relocation of household
agents, this research adopted the classical exogenous job location assumption [77]. In other
words, the position of a job location corresponding to a certain household agent is always
xed. And assumed only one-worker households. A linked trip indicates the series of travels
of each household agent from the starting point to the destination. An unlinked trip indicates
each travel mode that is a component of a linked trip.
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3.5 Process Overview and Scheduling
Fig. 3.2 shows the scheduling of household agents. Each household agent does daily travel
based on the value list of linked trips, and xes travel mode in one way through the learning
period of repeating this daily travel 30 times. After that, for 1/10 of all household agents
that are randomly chosen, relocate their residences. They relocate to the candidate residence
of which the total living cost is the minimum out of 10 candidates. The change in land-use
pattern is brought about through these residential relocations. In this research, after the loop
process of residential relocation is repeated 20 times, the simulation stops processing. It seems
unrealistic settings, because even 10% of people do not usually change their residences every
one month. This model, however, assumes that 30 times of daily travels (a single loop process
of residential relocation) represent two years in the real-world. Therefore, 20 loop processes
of the residential relocation correspond to simulating 40 years of urban dynamics in the real-
world. And in the 40 years, a household agent relocates twice on average. Households actually
tend to relocate along with the changes in a family structure, such as birth or separation
[177, 178]. Based on the above, this scheduling can be considered valid.
The daily travel and residential relocation are processed respectively by each sub-model
component. These two sub-model components are fully integrated completely each other and
build input-output linkages.
Fig. 3.2: Scheduling of household agents
30
3.6 Sub-Model of Daily Travel
Daily travel of household agents is processed on the urban schematic spatially-explicitly. This
process is to reect the empirical ndings by trac studies that urban structural variables
(i.e., density, accessibility, and travel distance) impacts on travel behavior [145, 146, 147].
Each household agent repeats daily travel according to the selected linked trip. In this
research, six types of linked trips were assumed as shown on Fig. 3.3. A main travel mode
among unlinked trips of a certain linked trip is referred to as a representative travel mode of
the linked trip. The representative travel mode is either of the following: on foot, by bicycle,
train, or private automobile. The initial representative travel mode of all household agents
is train (linked trip no. 2 or 3), according to the original urban planning philosophy. Prior
to departure, each household agent forecasts the travel time to each job location according
to the selected linked trip. It is empirically shown that a commuter shifts the arrival time to
avoid trac congestion [179]. It is also shown that extime is eective to reduces travel time
and variability [180]. Reecting these ndings, each household agent leaves the residence
while adjusting the departure time to shift the arrival time from the average starting time of
work based on normal distribution. And after all household agents arrive at each destination,
next they leave for PFS in the same way. After arriving and staying for the same time there,
nally they leave for each residence 1. The time ow in the model is discrete and each time
step corresponds to one minute of the real-world. When the household agents return to the
residence, the total travel cost C is calculated according to the equation below.
C = wtCt + wcCc + wfCf − wPP
wt, wc, wf , wP ≥ 0
Ct, Cc, Cf , and P indicate time cost, charge cost, fatigue cost, and activeness value. wt,
wc, wf , and wP indicate each preference bias. The preference biases vary for each individual in
the real-world. In this research, however, the preference biases of all agents are assumed to be
equal, since this research focuses on homogeneity of household agent rather than heterogeneity
to observe universal changes in land-use pattern. According to this cost, the household agent
updates the value Vi of the selected i-th linked trip, according to the equation below.
Vi ←− α(−C) + (1− α)Vi
The following travel of the household agent is done according to the linked trip selected by
the ε-greedy method based on this value. With the ε-greedy method, the action is randomly
chosen from all options with the probability of ε, and the action with the highest value is
selected with the probability of 1 − ε. The previous travel time is applied for the forecast
1This model assumes that 30 times of daily travels represent two years in the real-world, rather than 30
consecutive days. Therefore, the household agent does not stop off in PFS for 30 consecutive days.
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of travel time. Based on this, each household agent adjusts the departure time to shift the
arrival time. ε is gradually attenuated according to the equation below and approaching zero
as trials repeated.
ε←− γε
In this way, each household agent xes travel mode in one way through the learning period
of repeating the daily travel 30 times. This setting is based on the ndings that individuals
choose travel modes and routes rather boundedly rationally and habitually than completely
rationally based on complete information [181, 182].
Fig. 3.3: six types of linked trips
3.6.1 Time Cost
Many trac simulation models are assumed to refer to travel time as the only or important
criterion when choosing travel mode or route [180, 183, 182]. In this research, to refer to
travel time along with other factors when making decisions on daily travel, travel time is
converted to monetary cost according to the equation below.
Ct = ηtt
t = twalk + tbike + ttrain + tcar
t indicates total travel time of each resident. ηt indicates the conversion coecient time
to monetary cost. twalk, tbike, ttrain, and tcar indicate travel time of each household agent
on foot, by bicycle, train, and private automobile. Time cost coecient ηt was set as 3,000
yen/h (50 yen/min) by dividing the average annual income by the average annual working
time, based on the statistical data published by public authorities [179, 184].
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3.6.2 Charge Cost
Charge cost Cc associated with daily travel is calculated according to the equation below.
Cc = mbp +mcp +mtrain +mgtcar
mbp, mcp, andmtrain indicate bicycle parking fare, automobile parking fare, and train fare.
mgtcar indicates gas price. Total gas price is proportional to travel time by private automobile
tcar. These were determined as reasonable values for the condition of the model (Japanese
regional cities), based on the statistical data published by public authorities [185, 186].
3.6.3 Fatigue Cost
Previous studies have reported that the duration of commuting time of urban residents may
also cause health problems [187, 188]. Based on these ndings, fatigue cost Cf associated
with daily travel is calculated according to the equation below.
Cf = (fwalktwalk + fbiketbike + ftrainttrain + fcartcar) + fcong
fwalk, fbike, ftrain, and fcar indicate the conversion coecient travel time on foot, by
bicycle, train and private automobile to monetary cost. fcong indicates additional fatigue
cost by trac congestion. Each fatigue cost coecient was set by multiplying the calories
consumption of each travel mode per unit time and the average price of calorie acquisition,
based on the statistical data published by public authorities [189, 184].
Trac Congestion
Trac congestion in morning and evening rush hour has become a serious issue in many
urban areas around the globe. It causes various social losses such as time waste, monetary
costs increase, discomfort, fatigue, and air pollution, and reduces residents' quality of life
[29, 187, 188].
In this research, because of the simplied representation of road trac network, it is
assumed that trac congestion occurs as a simple local interaction between household agents.
In other words, the trac congestion occurs when a certain household agent and other
household agents are traveling similarly by private automobile in close at the same time.
The velocity of the private automobile except on highway (standard velocity VN) during the
trac congestion VcN is calculated according to the equation below.
VcN = max(VN(1− ηvDcN), V mincN )
DcN indicates the number of household agents are traveling by private automobile except
on highway as well as the relevant household agent within rcong-meter radius centering on
him/her. ηv indicates the conversion coecient. Similarly, the velocity of the private au-
tomobile on highway (standard velocity VH) during the trac congestion VcH is calculated
according to the equation below.
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VcH = max(VH(1− ηvDcH), V mincH )
DcH indicates the number of household agents are traveling by private automobile on high-
way as well as the relevant household agent within rcong-meter radius centering on him/her.
These were set based on the transport related statistical data published by public authorities
[186]. The deceleration by trac congestion results in an increase in the time cost, charge
cost, and fatigue cost.
Additionally, not only travel time duration but also its reliability is an important variable
in travel-related decision [190, 191]. And a variance in travel time is considered as an addi-
tional cost which can't be overlooked, since it might cause additional risks or uncertainties
[190]. Then, trac congestion reduces the reliability of the travel time greatly, and causes
the variances. The impacts become more considerable as trac congestion becomes heavier.
Based on these ndings, during caught in the trac congestion, congestion fatigue cost Fcong
is added every minute according to the equations below [148].
Fcong = min(ηcongDcN , F
max
cong )
or
Fcong = min(ηcongDcH , F
max
cong )
3.6.4 Activeness Value
Regarding a 500-meter radius around PFS as the zone of inuence, the implementation of
a policy to promote activeness is considered. This distance was set based on the concept of
"Ped Shed" widely used in New Urbanism movement in US. Ped Shed refers to the walkable
area of living which is usually a 5-minute walk range and an about 400-meter radius around
a center [192]. Here, it is assumed that street activeness can be generated when household
agents, which travel on foot or by bicycle within this range, interact face-to-face, namely
when they agglomerate geographically. During this time, relevant household agents acquire
benet brought about by the street activeness, which is mentioned in the previous section,
as activeness value P . Among these benets, this research especially emphasized the positive
feedback that the number of people that visited a certain place can attract further activities
[172]. Based on this nding, activeness value P (yen/min) is calculated according to the
equation below.
P = min(ηacDac, P
max)
Dac(agent) indicates the number of other household agents traveling on foot or by bicycle
within rac-meter radius centering on the relevant household agent. ηac indicates coecient
of activeness. The total travel cost is reduced by the amount obtained by multiplying the
activeness value P with preference bias wP .
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The coecient of activeness can be regarded as a level of eort to bring further street
activeness within the relevant range according to the agglomeration of pedestrians. Empiri-
cally grounded theories suggest that the following three features are necessary for an active
and creative urban environment:
• Aordable mobility in urban areas [193, 194]
• Social diversity [153, 166]
• Societal tolerance [170, 169]
Therefore, this coecient is enhanced by projects that provide mobility, diversity, and
tolerance, such as arranging comfortable sidewalks and cycling roads, arranging attractive
retail stores, or holding attractive events. Improvement in this coecient enhances the benet
for travel on foot or by bicycle in the relevant range, increasing a balanced total travel cost.
Therefore, this coecient can be regarded as a coecient of gain. Hereinafter, the policy
that corresponds to improvement of this coecient of activeness is referred to as the policy
to promote activeness.
The operation system of the policy to promote activeness was assumed to be the system
like Town Centre Management in UK or BID (Business Improvement District) in US. In
these system, private sectors such as local landowners or business rms play public roles such
as revitalization of public spaces through prot-making businesses such as sales promotions
and events, in addition to through non-protable businesses such as cleaning/beautication
activities or public security services [154, 195].
Although residents travel on foot or by bicycle, the excessive agglomeration that results
might cause negative impacts like trac congestion by automobiles. In this research, however,
assumed that the policy to promote activeness can cancel such negative impacts.
3.7 Sub-Model of Residential Relocation
Residential relocation of household agents is also processed on the urban schematic spatially-
explicitly. After all household agents x their travel mode in one way through the learning
period, 1/10 of all household agents that are randomly chosen relocate their residence. To
each relevant household agent, 10 of residence candidates are presented randomly within a
range where the candidates are not signicantly o the distribution of residences at the time.
This setting is based on the ndings that residences and households can't be completely
isolated for the reasons such as accessibility to existing infrastructure and desire for social
connection [85, 196].
In residential (re)location, households attempt to fulll as many of their location prefer-
ences as possible. At the same time, they face constraints [100]. Among them, the following
two factors are particularly emphasized:
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• Travel cost (or time) [72, 197, 103, 73, 148]
• Land rent [72, 198, 148]
Based on these ndings, the total living cost C l of each candidate is calculated according
to the equation below.
C l = C +R
C indicates total travel cost. R indicates land rent. Each household agents relocate to the
candidate residence of which the total living cost C l is the minimum out of 10 candidates. In
some previous studies, household income has been regarded as one of the factors impacting the
residential location. This research, however, assumed that household agents are homogeneous
about this factor, since the dierence in income within the assumed region is relatively small.
3.7.1 Total Travel Cost
In many LUTI models, accessibility has been incorporated in determining the location of
activities. And households are assumed to wish the location with higher accessibilities to
opportunities of shopping and other recreational activities as well as employment [73]. Ad-
ditionally, related studies have empirically demonstrated that daily travel before relocation
becomes habitual and has an impact on daily travel after relocation and at the relocation
destination [181]. Based on these ndings, the total travel cost C is calculated by conducting
virtual daily travel from a candidate residence based on the travel mode xed by the relevant
household agent through learning. At that time, the job location was xed based on the
classical exogenous job location assumption.
3.7.2 Land Rent
Previous studies have empirically demonstrated that there exists a positive correlation be-
tween the agglomeration of development and rent [199, 200, 194]. The reason for this relation
is explained that the aggregation leads to improvement in eciency and productivity. And
the statistical data on the ocial land price of residential and commercial areas in Japanese
regional cities supports this relation there [201]. Based on these ndings, the land rent R at
each residence candidate is calculated according to the equation below.
R = ηrRI
r
i (
Ar
A
) + ηjRI
j
i (
Aj
A
)
Iri and I
j
i indicate the number of residences and job locations within a rR-meter radius
centering on the relevant residence candidate. A indicates the area of relevant range. Ar
and Aj indicate the consumption areas by the unit of residences and destinations. ηrR and
36
ηjR indicate the conversion coecients. Therefore, the land rent at each residence candidate
increases corresponding to the agglomeration of neighboring residences and job locations.
In other words, the local interactions between households, and between a household and an
environment, also impact the change in land-use pattern through the change in land rent.
3.8 Initialization and Input Data
Setting values of parameters of the urban schematic and household agent were described on
Table 3.1 and Table 3.2. It has been said that these values are necessary to carefully set,
especially the monetary conversion coecients on e.g., value of time, since the evaluation
of prots automatically changes Depend on how these coecients are set. Therefore, this
research set carefully these values mainly based on the empirical materials, including socio-
demographic and other statistical data published by public authorities [185, 50, 186, 179, 189,
184, 202], and previous studies, while assuming a regional city in Japan. Whereas dierent
values are enabled to be set depend on the other urban area.
Table 3.1: parameters of urban schematic
3.9 Indicators to Evaluate Experimental Results
By observing the result of each experimental scenario according to the indicators shown
below, changes in the urban structure were evaluated.
• Percentage of each representative travel mode
• Total CO2 emission (expressed as percentage relative to the scenario A) 2
2Calculated by multiplying CO2 emission per travel distance of one passenger in each travel mode (de-
scribed on Table 3.3) and the total travel distances of all household agents by private automobile and train.
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Table 3.2: parameters of household agent
• Average travel time
• Standard deviation of distribution of residences (x and y coordinates: the both initial
values are 8)
• Distribution map of residences (color-coded by representative travel modes)
Each scenario was implemented eight times under the same experimental conditions. Per-
centage of representative travel mode, total CO2 emission, standard deviation of distribution
of residences, and average travel time were the averages of the results of the trials. Distribu-
tion map of residences was any one of the results of the trials.
Table 3.3: CO2 emission per passenger (g/person ∗ km) [203]
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3.10 Chapter Summary
This chapter described the agent-based experimental model which can simulate urban struc-
ture changes through autonomous daily travel and residential relocations of urban residents
based on the conceptual frameworks mentioned in the previous chapter, to verify the ef-
fectiveness of policies to improve an urban environment in the next chapter and beyond.
After describing the modeling policy of abstraction as much as possible, the structure of the
experimental model is described according to the ODD protocol.
Entities are a planar urban schematic and household agents who act in the urban schematic.
Both are expressed spatially-explicitly. The urban schematic is the abstracted expression of
a part of a typical regional city in Japan, which has a central business district (CBD) and
bedroom towns connected by railway. This model simulates the behavior of 10,000 house-
holds, and one household agent corresponds to 10 households. In the residence district, as the
initial location, residences of the same number as household agents: 1,000, are located ran-
domly based on normal distribution centering on the residence stations. Similarly, in CBD,
job locations of the same number are also located randomly based on normal distribution
centering on the central station. And one public facility such as a complex mentioned in the
previous section is located in the central area or the suburb of CBD.
In the sub-model of daily travel, each household agent leaves the residence for the job
location. And after all household agents arrive at each job location, they leave for the public
facility. After arriving and staying there, nally, they return to the residence. Then, the
total travel cost is calculated. The total travel cost is the sum of cost time cost, charge cost,
fatigue cost, and activeness value. According to this travel cost, the household agent changes
the values of the selected linked trip. The following daily travel is done according to the
linked trip selected by the ε-greedy method based on this value. And each household agent
xes their travel mode in one way through the learning period of repeating this daily travel
30 times. Around the public facility, a policy to promote activeness is implemented. Street
activeness is generated when household agents, which travel on foot or by bicycle within this
range, interact face-to-face, and relevant household agents gain benet brought about by the
street activeness as activeness value.
In the sub-model of residential relocation, after all household agents x their travel mode
in one way through the learning period, 1/10 of all household agents that are randomly
chosen relocate their residences. The total living cost of these candidates is the sum of
the total travel cost and the land rent. The total travel cost is calculated by conducting
virtual daily travel from a candidate residence based on the xed travel mode. The land rent
at the candidate increases according to the agglomeration of neighboring residences and job
locations. Each household agents relocate to the candidate residence of which the total living
cost is the minimum out of 10 candidates. The change of land-use pattern is brought about
through these residential relocations.
According to the simulation scheduling, after the loop process of residential relocation is
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repeated 20 times, the simulation stops processing. The simulation model assumes that this
single loop process represents two years in the real-world. Therefore, the single simulation
process corresponds to simulating 40 years in the real-world.
By observing the result of each experimental scenario according to the indicators, such
as percentage of each representative travel mode, total CO2 emission, average travel time,
standard deviation of distribution of residences, and distribution map of residences, changes
in the urban structure are evaluated.
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Chapter 4
Public Facility for Stopping o and
Street Activeness
The rst question of this research is whether the introduction of a public facility for urban
resident and the implementation of a policy to promote activeness around it are eective
in controlling urban sprawl. To verify the rst question, this chapter discusses the change
of the urban structure, which was formed according to the zoning with separation between
residences and job locations, based on the introduction of such a public facility and the
implementation of such a policy to promote activeness, through the simulation experiments
by the ABM shown in the previous chapter.
The simulation experiments are conducted while changing the location of the public
facility and the implementation scale of the policy to promote activeness.
Additionally, this chapter validates the simulation model according to the concept of
Patters-Oriented Modeling (POM).
4.1 Experiment 1 - Public Facility for Stopping o and
Policy to Promote Activeness
4.1.1 Conditions of Experiment 1
Fig. 4.1 shows the initial distributions of residences and job locations in the experiments
in this chapter. The residence district and the central business district (CBD) are located
completely separately and each forms the cluster. Therefore, this state can be regarded as
a poly-centric form compact city, which is composed of multiple hubs linked with trac
networks and sharing their own role. The initial representative travel mode of all household
agents is train (linked trip no. 2 or 3), according to the original urban planning philosophy.
Setting the above as an initial state, the experiments, where a public facility for stopping o
(PFS) was introduced, and the policy to promote activeness around the public facility, was
implemented, were conducted.
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The experiments were conducted under the conditions of the following ve types for the
location of PFS as shown on Fig. 4.2:
• A : not introduced (no implementation of the policy to promote activeness)
• B : suburb along highway, 0.5km north and 2km east from central the station
• C : suburb away from highway, 2km south and 0.5km east from central the station
• D : urban central area, same place as the central station
• E : urban central area, 0.5km south and 0.5km east from the central station
And the four types, 0, 10, 20, and 30, for coecient of activeness.
Hereinafter, each of these experiments is expressed e.g., scenario A, E20, and so on
by combining the symbols of A - E indicating the location of PFS, and the coecient of
activeness.
Fig. 4.1: residences' initial distribution
4.1.2 Results of Experiment 1
Table. 4.1 shows the quantitative result of scenario A, B0 - 30, C0 - 30, D0 - 30, and E0 -
30. Fig. 4.3 shows the nal distributions of residences of the same scenarios. Fig. 4.4 shows
the total CO2 emission (divided by representative travel modes) of the same scenarios. Fig.
4.5 shows the history of the percentages of each representative travel mode of scenario A.
The result of scenario A shows that the percentage of private automobile users reached
about 90%, most of whose residences were distributed on the periphery of CBD as sprawl.
In this scenario, the history of both the increase in private automobile users and the decrease
in train users drew a sigmoid growth curve, which shows the following three phases: the rst
phase of gradual growth (increase or decrease), the second phase of rapid growth, and the
last phase of gradual growth leading to convergence.
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Fig. 4.2: location of PFS
The results of scenario B0, C0, D0, and E0, changing the location of PFS while not
implementing the policy to promote activeness, show that each of the percentage of private
automobile users reached about 90%, most of whose residences were distributed as sprawl
like scenario A. In both scenario B0 and C0, PFS was in suburb. In the former, however,
the private automobile users via highway was almost equal to the rest of private automobile
users, and in the latter the ones via highway was about half of the rest. Along with this, the
dierent features of scattering in urban sprawl were observed. And travel distance increased
by stopping o at distant PFS. Along with this, both the total CO2 emission and the travel
time increased considerably especially in scenario B0 and C0, compared to scenario A.
The results of scenario B0 - 30 show that change was almost not observed in scenario B0
- 20. When the scenario reached B30 by advancing the policy to promote activeness further,
however, the percentage of private automobile users decreased by half, and the percentage of
train users increased considerably and reached close to 50%. Along with this, the sprawl on
the periphery of CBD was improved, and the cluster of residences of train users around the
residence station was rather maintained. The total CO2 emission also reduced considerably,
but the average travel time increased further.
The results of scenario C0 - 30 show that the percentage of private automobile users
decreased, and the percentage of train users increased when the scenario reached C30 by
advancing the policy to promote activeness, like the series of B. And about the distribution
of residences, the total CO2 emission, and the travel time, the same changes were observed.
The results of scenario D0 - 30 show that decrease of the percentage of private automobile
users and improvement of the sprawl were not observed although when the scenario reached
D30 by advancing the policy to promote activeness, unlike the series of B and C.
The results of scenario E0 - 30 show that the percentage of private automobile users de-
creased a lot when scenario reached E20, unlike the series of B and C. Furthermore, when the
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scenario reached E30 by advancing the policy to promote activeness further, the percentage
of private automobile users decreased further and the percentage of train users reached about
65%. Along with this, in scenario E30, the cluster of residences of train users around the
residence station became more remarkable, and the total CO2 emission reduced to less than
60% of scenario A. Additionally, because PFS was in the central area of CBD, the average
travel time did not increase so much as the series of B and C.
Table 4.1: result of experiment 1
4.2 Discussion
In any cases when locating a public facility for stopping o (PFS) without implementing a
policy to promote activeness around it, regardless of its location, the percentage of private
automobile users increased, and their residences were distributed as sprawl, like the case when
not introducing PFS. Particularly, in the cases when introducing PFS in suburb, the feature
of "scattered development" in urban sprawl appeared remarkably. That is, this experiment
claried how the introduction of a facility attracting people (e.g., a large commercial facility)
alone in suburb worsens the negative impacts of urban sprawl.
In any cases except when introducing PFS at the same place as the central station, by
advancing the policy to promote activeness and making it reach a certain scale, the percentage
of private automobile users decreased, the total CO2 emission reduced, and the sprawl was
improved drastically - like "phase transition" took place. These suggest that the combination
of the proper location of a public facility for urban residents and the implementation of a
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Fig. 4.3: residences' nal distribution of experiment 1
Fig. 4.4: total CO2 emission of experiment 1
policy to promote activeness around it was eective in maintaining a compact urban structure.
At the same time, this also suggests that such a policy is not eective unless implemented
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Fig. 4.5: history of scenario A
on a certain large scale.
Among these cases, in the cases when introducing PFS near the central station, the
phase transition took place even though the policy to promote activeness was implemented
on smaller scale. This seems to be because the policy to promote activeness, which is incentive
to stroll about downtown, was further eective to increase the percentage of train users, since
PFS was within walking distance from the central station. In contrast, in the cases when
introducing PFS at the same place as the central station, the phase transition didn't take
place. This also seems to be because the policy to promote activeness was not eective,
since walking was not necessary between PFS and the central station. These suggest the
possibility that the slight dierence in the location of such a facility might bring about the
signicant dierence in the future both static and dynamic urban environment. At the same
time, these also suggest that the development of shopping areas within a railway station
("Ekinaka" in Japan) or a revitalization of shopping streets, which leads urban residents'
strolling, is eective in improving an urban environment.
Additionally, it should be noted that in the cases when the sprawl is improved, residents
would be forced to take the disadvantage of additional travel time.
4.3 Validation of the Simulation Model
Because of the property of emergence in complex self-organizing systems, ABMs should be
assessed based on validity rather than one-to-one correspondence or correlation measures.
This requires that the model should be validated in terms of whether the ABMs can cap-
ture the basic features of the system in the real-world, for example the structural similarity
between simulated and actual phenomena [71]. And recently researches have made greater
eorts to validate ABMs than the cases during the inception of ABM applications [204, 143].
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Patters-Oriented Modeling (POM) procedure is an eective validation procedure. In POM
procedure, after identifying the observed patterns in the real-world characterizing the system
to be modeled, the ABM is evaluated by whether the observed patterns are reproduced. And
it is desirable that these patterns are multiple and independent from each other [124]. This
section validated the simulation model according to the concept of POM.
In scenario A for the rst experiment, the residence distribution signicantly changed
from separation between residences and job locations to sprawl where most of the residences
on the periphery of CBD. This can be regarded as the reproduction of the growth process of
a concentric low-density suburb based on the mono-centric urban model which was proposed
by Alonso (1964) [77] and subsequently supported by many related researches. This can
be also regarded as the reproduction of the fact that many cities in Japan's urban areas
have consistently expanded since the high economic growth period [205]. Furthermore, the
travel mode used by most of the household agents living in suburb has changed from train to
private automobiles, while drawing a sigmoid growth curve. This can be also regarded as the
reproduction of the fact that the main travel mode in commuting has switched from train to
private automobiles, and the road trac has reached saturation, especially in regional cities
[50].
The purpose of the model is not to reproduce the real society precisely, but to analyze the
mechanism of highly abstracted urban dynamics by a small number of elements and simple
rules. Nevertheless, the simulation model reproduced the above multiple social phenomena
(the observed patterns in the real-world) which were not directly incorporated into the model.
Therefore, these reproductions demonstrate that the simulation model can explain the real
society to a certain level, and the experimental results of this research are valid.
4.4 Chapter Summary
The rst question of this research was whether the introduction of a public facility for urban
resident and the implementation of a policy to promote activeness around it are eective
in controlling urban sprawl. To verify the rst question, this chapter discussed the change
of the urban structure, which was formed according to the zoning with separation between
residences and job locations, based on the introduction of such a public facility and the
implementation of such a policy to promote activeness, through the simulation experiments
by the ABM shown in the previous chapter. The simulation experiments were conducted
while changing the location of the public facility and the implementation scale of the policy
to promote activeness.
With these simulations, this chapter claried the following points and how they were.
First, the combination of the proper location of a public facility for urban residents and
the implementation of a policy to promote activeness around it was eective in maintaining
a compact urban structure. Second, the slight dierence in the location of such a facility
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might bring about the signicant dierence in the future both static and dynamic urban
environment.
All ndings described above suggest that when a public facility for urban residents is
introduced to improve an urban environment, it is necessary to pay close attention to its
location and promoting activeness around it.
Additionally, the simulation model was validated according to the concept of Patters-
Oriented Modeling (POM). As a result, the simulation model reproduced the multiple social
phenomena (the observed patterns in the real-world, such as growth process of a low-density
suburb, expansion of urban areas, and switch from public transportation use to private
automobile use) which were not directly incorporated into the model. Therefore, it was
demonstrated that the simulation model can explain the real society to a certain level, and
the experimental results of this research are valid.
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Chapter 5
Transport Policies
In actual cities, many transport policies to improve an urban environment have been im-
plemented. Reecting these situation, the second question of this research is whether the
combinations of the implementation of some transport policies with introducing the public
facility for urban residents and implementing the policy to promote activeness around it are
eective in controlling urban sprawl. To verify the second question, this chapter developed
the ABM, and discusses the change of the urban structure, which was formed according to
the zoning with separation between residences and job locations, based on the combination of
the implementation of the policy to promote bicycle use with introducing the public facility
and implementing the policy to promote activeness, through the simulation experiments.
Then, this chapter also discusses the change of the urban structure based on the combina-
tion of the implementation of the policy to control private automobile use in an urban central
area with introducing the public facility and implementing the policy to promote activeness,
through the simulation experiments.
The simulation experiments are conducted while changing the location of the public
facility and the implementation scale of the policy to promote activeness like the previous
chapter.
5.1 Experiment 2 - Policy to Promote Bicycle Use
5.1.1 Conditions of Experiment 2
One of the policies taken to reduce energy consumption and air pollution is promotion of
bicycle use. The Netherlands is one of the countries where bicycles are actively used. There,
each local government supports bicycle use by providing bicycle lanes, installing trac signs
for bicycles, requiring stores and public facilities to be equipped with bicycle parking and
organizing a bicycle-sharing system. In recent years, bicycles have widely been used to travel
between cities [206, 207].
In Japan, the large part of the land is mountainous, and this has led to a disregard for
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using bicycles in the transportation infrastructure, while from the high economic growth
period, through expanding of low-density suburban areas where residents are assumed to
use an automobile, the trac systems giving automobiles top priority have been developed.
Because of the above-mentioned reasons, regardless of many bicycle users, the development of
sucient bicycle parking and bicycle lanes, which can bring about comfortable bicycle use in
an urban area, have still been insucient. For example, "Bicycle Pollution Problem", which
is the situation where many bicycles are parked outside of designated areas such as around
railway stations or on sidewalks, is often found regardless of its location [206, 48, 208].
In recent years, however, the momentum for promoting bicycle use has been raised. For
example, Toyama City has introduced a bicycle-sharing system and started to operate cycle
trains [209], while many local governments have subsidized purchase of power-assisted bicycles
for residents [210, 211].
This section assumed that the trips related to bicycle changed as follows, by the imple-
mentation of the above-mentioned policies to promote bicycle use.
• The speed in traveling by bicycle increased by 120%.
• The fatigue cost in traveling by bicycle reduced by 50%.
• The household agent using both bicycle and train in combination (linked trip no. 3)
could travel by bicycle after getting o.
The initial conditions were the same as the experience 1. To consider the dierence in
the distance between the central station and PFS, the experiments were conducted under
the conditions of the four types, A, C, D, and E, for the location of PFS and the four types
for coecient of activeness.
Hereinafter, each of these experiments is expressed e.g., scenario Ab, Cb30, and so on by
combining the symbols of A and E indicating the location of PFS, the initial letter b for the
word of bicycle, and the coecient of activeness.
5.1.2 Results of Experiment 2
Table. 5.1 shows the quantitative result of scenario Ab, Cb0 - 30, Db0 - 30, and Eb0 - 30.
Fig. 5.1 shows the nal distributions of residences of the same scenarios. Fig. 5.2 shows the
total CO2 emission (divided by representative travel modes) of the same scenarios.
The results of scenario Ab, when compared with scenario A, show that the percentage
of private automobile users decreased by close to 20 points, while the percentage of bicycle
users and train and bicycle in combination users increased accordingly. Along with this, the
total CO2 emission also reduced by about 15 points.
The results of scenario Cb0, Db0 and Eb0, not implementing the policy to promote
activeness, show that each of the percentage of private automobile users didn't reached 60%.
When compared with scenario C0, D0 and E0, each of the sprawl on the periphery of CBD
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was improved, and each of the cluster of residences of train users around the residence station
was rather maintained.
The results Cb0 - 30 show that as advancing the policy to promote activeness, the percent-
age of private automobile users got decreasing gradually. When the scenario reached Cb30,
the percentage of private automobile users decreased to less than 40%, and the total CO2
emission also reduced to about 70%. These are, when compared with scenario C30, about
10 points and 25 points reduction, respectively. Along with this, the cluster of residences of
train users around the residence station became more remarkable.
The results of Db0 - 30 show that, although advancing the policy to promote activeness,
neither further decrease the percentage of private automobile users, further improvement of
the sprawl, nor further reduction of the total CO2 emission was observed, like the series of
D.
The results of Eb0 - 30 show that as advancing the policy to promote activeness, the
percentage of private automobile users got decreasing gradually, like the series of Cb. Even
if the scenario reached Eb30 by advancing the policy to promote activeness, however, neither
the percentage of private automobile users, the sprawl, nor the total CO2 emission was
dierent much from each of scenario E30.
Table 5.1: result of Experiment 2
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Fig. 5.1: residences' nal distribution of Experiment 2
Fig. 5.2: total CO2 emission of Experiment 2
5.2 Experiment 3 - Policy to Control Private Automo-
bile Use
5.2.1 Conditions of Experiment 3
Conventional transport policies had been focused on planning the optimum road supply
and design in response to the increase in trac demand. Recently, however, the idea of
controlling road development, by reducing or rationalizing the increase in trac demand
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rather than uncritically accepting the increase, has been introduced. This idea is called Trac
Demand Management (TDM) [35]. "Park-and-Ride" (Bus-Based Park-and-Ride) method,
which is common in US and European cities, is the representative of the TDM policies, as
well as number plate restriction or "Cap and Trade" method. It restricts the residents to
use private automobiles to suburban railway stations or bus stops, and makes them use the
public transportation network such as trains or buses, in access to an urban central area (in
the other words, the pedestrianization in urban central area). Such policies are eective not
only to reduce trac congestion and protect pedestrians (and cyclists) but also to reduce air
contamination, and save energy [212, 213].
In Japan, there are still very few examples of genuine introduction of such a policy. There
are only some cases of aiming at decrease in uses of private automobile by incentives such as
discount or freeing of suburban parking fare or public transportation fare in an urban central
area. Recently, however, some TDM-like transport policies, such as guiding parking from an
urban central area to suburbs, have been enacted. Therefore, from now on, it is thought that
control of private automobile trac in an urban central area and pedestrian-friendly urban
planning along with it will be promoted.
With these in mind, this section assumed that 10 parking that can hold enough automo-
biles were located along the circle with 1.5-kilometer radius centering on the central station,
including most of the job locations, as shown on Fig. 5.3. Within this radius, household
agents using private automobile should travel on foot from the nearest parking to their job
locations. Namely, the "Park-and-Walk" policy is implemented. Additionally, to eliminate
through tracs out of this radius, highway was placed at 1.5-kilometer north from railway,
and when residence relocation, for household agents using private automobile, only residence
candidates out of this radius were presented. Along with this, the linked trip of private
automobile user changes to the linked trip no.4 or 5 on the upper (when PFS is outside this
radius) of 5.4 or linked trip no.4' or 5' on the bottom (when PFS is inside this radius).
The experiments were conducted under the conditions of the four types, A, C, D, and
E, for the location of PFS and the four types for coecient of activeness, like the previous
section.
Hereinafter, each of these experiments is expressed e.g., scenario Ap, Dp20, and so on by
combining the symbols of A and E indicating the location of PFS, the initial letter p for the
word of parking, and the coecient of activeness.
5.2.2 Results of Experiment 3
Table. 5.2 shows the quantitative result of scenario Ab, Cb0 - 30, Db0 - 30, and Eb0 - 30.
Fig. 5.5 shows the nal distributions of residences of the same scenarios. Fig. 5.6 shows the
total CO2 emission (divided by representative travel modes) of the same scenarios.
The results of scenario Ap, when compared with scenario A, show that the percentage of
private automobile users decreased by close to 40 points, while the percentage of bicycle users
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Fig. 5.3: schematic of parking
Fig. 5.4: additional linked trips in experiment 3
and train and bicycle in combination users increased accordingly. Along with this, the total
CO2 emission also reduced by about 30 points. Automobile users were eliminated from the
central area of CBD. Beyond parking, however, automobile user's residences were distributed
as sprawl.
The results of Cp0 - 30 show that, in scenario Cp0, the percentage of automobile users
decreased by just about 10 points when compared with scenario C0, and reduction of the
sprawl was also not observed. As advancing the policy to promote activeness, however, the
percentage of private automobile users got decreasing remarkably. When the scenario reached
Cp30, the percentage of private automobile users decreased to less than 25%, and the total
CO2 emission also reduced to less than 65%. These are, when compared with scenario C30,
more than 20 points and 30 points reduction, respectively. Along with this, the cluster of
residences of train users around the residence station became more remarkable.
The results of Dp0 - 30 show that, in scenario Dp0, the percentage of automobile users
decreased by more than 65 points when compared with scenario D0, while bicycle and train
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users increased accordingly. Along with this, the sprawl was improved remarkably, and the
total CO2 emission also reduced considerably. As advancing the policy to promote activeness,
however, the percentage of private automobile users got decreasing gradually. Along with
this, the sprawl advanced and the total CO2 emission also increased.
The results of Ep0 - 30 show that, in scenario Ep0, the percentage of private automobile
users decreased by more than 60 points when compared with scenario E0 while bicycle and
train users increased accordingly. Along with this, the sprawl was improved remarkably,
and the total CO2 emission also reduced considerably. Additionally, as advancing the policy
to promote activeness, however, the percentage of private automobile users got decreasing
gradually. When the scenario reached Ep30, the percentage of private automobile users
decreased to close to 10%, and the total CO2 emission also reduced to close to 30%. Along
with this, the sprawl was hardly observed, and the cluster of residences of train users around
the residence station was maintained almost as the initial state.
Table 5.2: result of Experiment 3
5.3 Discussion
By combining implementing the policy to promote bicycle use with introducing a public
facility for stopping o (PFS) and implementing a policy to promote activeness around it,
the percentage of private automobile users decreased in any cases, when compared with the
cases when not combing the policy. And the percentage of bicycle users and train and bicycle
in combination users increased accordingly. Along with this, the total CO2 emission reduced,
and the sprawl was improved, on the other hand, however, the travel time rather became
shorter. These suggest that the synergistic eects of the policy to promote bicycle use, the
proper location of the public facility for urban residents, and the policy to promote activeness
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Fig. 5.5: residences' nal distribution of Experiment 3
Fig. 5.6: total CO2 emission of Experiment 3
around it, could impact positively on both static and dynamic urban environment.
In all scenarios, however, the growth of positive impact on the urban environment asso-
ciated with the advance of the policy to promote activeness was, however, rather inactive.
This seems to be because of the policy to promote activeness is less benecial to travel by
bicycle than on foot.
By combining implementing the policy to control private automobile use in an urban
central area with introducing PFS and implementing the policy to promote activeness, the
percentage of private automobile users decreased, the total CO2 emission reduced, and the
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sprawl was improved remarkably in any cases, when compared with the cases when not
combing the policy. These results are more positive in general, when compared with the
cases when combing the policy to promote bicycle use. Particularly, in the cases when
introducing PFS in the urban central area, within the range eliminating private automobile
trac, this tendency was remarkable. This also seems to be because the policy to promote
activeness, which is incentive to stroll about downtown, was further eective to increase the
percentage of train users.
There is a slight dierence whether the location of PFS is at the same place as the central
station or near the station, however, as advancing the policy to promote activeness, the urban
environment got worsened gradually in the former, while got improved gradually in the latter.
This also seems to be because the policy to promote activeness, which is incentive to stroll
about downtown, promoted the resident's travel on foot from PFS to the parking rather than
the access to the central station. These suggest the possibility that the synergistic eects
of the policy to control private automobile use, the proper location of the public facility
for urban residents, and the policy to promote activeness around it, could impact rather
negatively than positively on the urban environment.
5.4 Chapter Summary
In actual cities, many transport policies to improve an urban environment have been im-
plemented. Reecting these situation, the second question of this research was whether the
combinations of the implementation of some transport policies with introducing the public
facility for urban residents and implementing the policy to promote activeness around it are
eective in controlling urban sprawl. To verify the second question, this chapter developed
the ABM, and discussed the change of the urban structure, which was formed according to
the zoning with separation between residences and job locations, based on the combination
of the implementation of the policy to promote bicycle use with introducing the public facil-
ity and implementing the policy to promote activeness, through the simulation experiments.
The simulation experiments were conducted while changing the location of the public facility
and the implementation scale of the policy to promote activeness like the previous chapter.
As a result, these experiments claried the following point and how it was: the synergistic
eects of the policy to promote bicycle use, the proper location of a public facility for urban
residents, and the policy to promote activeness around it, could impact positively on both
static and dynamic urban environment.
Then, this chapter also discussed the change of the urban structure based on the com-
bination of the implementation of the policy to control private automobile use in an urban
central area with introducing the public facility and implementing the policy to promote
activeness, through the simulation experiments. The simulation experiments were conducted
while changing the location of the public facility and the implementation scale of the policy
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to promote activeness like the above.
As a result, these experiments claried the following points and how they were. First,
the synergistic eects of the policy to control private automobile use, the proper location
of a public facility for urban residents, and the policy to promote activeness around it,
could impact remarkably positively on an urban environment. Second, Depend on the slight
dierence in the location of the public facility, however, the advance of the policy to promote
activeness might impact rather negatively on the urban environment.
All ndings described above suggest the followings. First, when a public facility for urban
residents is introduced to improve an urban environment, it is necessary to pay close attention
to its location and promoting activeness around it. Second, there are not only the positive
but also the negative synergistic eects of transport policies implemented in combination.
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Chapter 6
Urban Sprawl as Initial State and
Tramway
In actual cities, improvement of the existent sprawl structure is considered to be impor-
tant. Additionally, recently tramway have been introduced in many cities by its ease of
introduction. Reecting these situations, the third question of this research is whether the
combination of the introduction of a tramway in the central urban area with introducing the
public facility for urban residents and implementing the policy to promote activeness around
it is eective in improving existent urban sprawl. To verify the third question, this chapter
developed the ABM and discusses the eect on improving the existent urban sprawl based
on the introduction of the public facility and the implementation of the policy to promote
activeness, through the simulation experiments.
Then, this chapter also discusses the eect on improving the existent urban sprawl based
on the introduction of a tramway as a new travel mode for the residents in the sprawled
suburb area, in addition to the implementation of the same policies, through the simulation
experiments.
The simulation experiments are conducted while changing the location of the public
facility and the implementation scale of the policy to promote activeness like the previous
two chapters.
6.1 Experiment 4 - Setting Urban Sprawl as Initial
State
6.1.1 Conditions of Experiment 4
As shown in the previous two chapters, where the state of zoning was set as the initial state,
the combination of the proper location of the public facility for urban residents and the
implementation of the policy to promote activeness around it was found to be signicantly
eective in maintaining a compact urban structure. On the other hand, especially in Japan
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a large part of the land is mountainous, thus the area suitable for urbanization is relatively
small [48]. And the population is also declining [50]. For these reasons, it may be unrealistic
to assume that a compact city is created newly and maintained. Instead, improvement of
many cities that have already sprawled is considered to be more important. With these in
mind, this section developed the conceptual framework of the simulation model and veried
the improvement eect for the urban structure that has already sprawled.
Fig. 6.1 shows the nal distribution of residences and the distribution of job locations
of scenario A. These distributions were set as the initial distributions of residences and job
locations in the experiments in this chapter. Most of the residences were distributed on the
periphery of CBD as sprawl, and the percentage of private automobile users reached close to
90%. This shows the state after 20 loop processes of residential relocation (corresponding to
40 years) from the zoning with separation between residences and job locations, where 1,000
residences the same number as household agents are allocated centering on the residence
station based on the normal distribution. Under the initial state, the experiments were
conducted based on the assumption of introducing a public facility for stopping o (PFS)
and implementing the policy to promote activeness around the public facility like the previous
two chapters.
The experiments were conducted under the conditions of the following two types for the
location of PFS.
• A : not introduced (no implementation of the policy to promote activeness)
• E : urban central area, 0.5km south and 0.5km east from the central station
E was the most eective location to maintain compact urban structure in the previous
experiments.
Hereinafter, each of these experiments is expressed e.g., scenario SA, SE0 - 30, by combin-
ing the initial letter S for the word of sprawl, the symbols of A and E indicating the location
of PFS, and the coecient of activeness.
6.1.2 Results of Experiment 4
Table. 6.1 shows the quantitative result of scenario SA and SD0 - 50. Fig. 6.2 shows the
nal distributions of residences of the same scenarios. Fig. 6.3 shows the total CO2 emission
(divided by representative travel modes) of the same scenarios.
The result of scenario SA shows that the percentage of private automobile users increased
further and reached close to 95%, and the sprawl of their residences on the periphery of CBD
also advanced further. Private automobile users continue to relocate so that they can reduce
travel time, while using the same travel mode, resulting in reducing the CO2 emissions.
The results of scenario SE0 - 30 show that the private automobile users' switch to other
travel modes and the change of the distribution of residences were not observed although the
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Fig. 6.1: residences' nal distribution of scenario A
policy to promote activeness was advanced. These are not like the previous two chapters. As
a result, like scenario SA, the percentage of private automobile users increased further, and
the sprawl also advanced further.
Table 6.1: result of Experiment 4
Fig. 6.2: residences' nal distribution of Experiment 4
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Fig. 6.3: total CO2 emission of Experiment 4
6.2 Experiment 5 - Introduction of Tramway
6.2.1 Conditions of Experiment 5
An introduction of a tramway is well known as one of the policies to reduce trac congestion,
save energy consumption, and reduce air pollution in urban areas. Tramway is mainly used
for short distance trip and also characterized by its ease of introduction compared to normal
railway. For these reasons, they have been introduced especially in many European cities
[214, 215], In recent years, however, momentum for introduction of a tramway has also been
raised in Japan [216, 217]. With these in mind, this section veried the improvement eect
of introducing tramway into the urban sprawl.
The simulation here assumes that the urban schematic tramway routes imitate the "Karl-
sruhe Model" [215], where the routes are shared with ordinary railways. Therefore, three
routes are radially installed centering on the central station as shown on Fig. 6.4, at the
same time the edge routes pass through the suburb area with sprawled residences. Each
route has tramway stops at 400-meter intervals like ordinary tramway services in the real-
world. Along with this, residents can also choose the additional following four types of linked
trips. The rst two are by train and tramway in combination, and the other two are by
tramway (and on foot or by bicycle), as shown on Fig. 6.5.
The experiments were conducted under the conditions of the two types for the location
of PFS and the four types for coecient of activeness, like the previous section.
Hereinafter, each of these experiments is expressed e.g., scenario SAt, SEt0 - 30, by
combining the initial letter S for the word of sprawl, the symbols of A and E indicating the
location of PFS, the initial letter t for the word of tram, and the coecient of activeness.
Additionally, scenario SEt30+, which was run for twice as long as SEt30, was executed.
6.2.2 Results of Experiment 5
Table 6.2 shows the quantitative result of scenario SAt, SEt0 - 30, and SEt30+. Fig. 6.6
shows the nal distributions of residences of the same scenarios. Fig. 6.7 shows the total
CO2 emission (divided by representative travel modes) of the same scenarios. Fig. 6.8 shows
the history of the percentages of each representative travel mode of scenario SEt30+.
The result of scenario SAt shows that the percentage of private automobile users increased
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Fig. 6.4: schematic of tramway routes
Fig. 6.5: additional linked trips in experiment 5
further, and the sprawl of their residences on the periphery of CBD also advanced further,
like scenario SA.
The results of scenario SEt0 - 30, when compared with the series of SE, show that the
percentage of private automobile users increased further, and the sprawl also advanced further
in scenario SEt0 - 20, like scenario SAt. In advancing the policy to promote activeness,
however, the percentage of private automobile users decreased, and the percentage of tramway
(and train in combination) users increased and reached close to 50% in total in scenario SEt30.
Furthermore, the results of scenario SEt30+, where scenario SEt30 was run further, shows
that the percentage of tramway users reached close to 90% in total. In this scenario, the
history of the decrease in private automobile users drew a remarkable sigmoid growth curve.
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That is, after a long period with little change, private automobile users rapidly decreased in
a relatively short period, and tramway users replaced them. Along with this, the total CO2
emission also reduced considerably, and the following two clusters of residences were formed.
One is the cluster by residents commuting by train and tramway in combination (about
20%), on centering the residence station. The other is the cluster by residents commuting by
tramway alone (about 70%), along tramway routes from the center to the periphery of CBD.
Table 6.2: result of Experiment 5
Fig. 6.6: residences' nal distribution of Experiment 5
6.3 Discussion
As shown in the previous two chapters, where the state of zoning was set as the initial
state, the combination of the proper location of a public facility for urban residents and
the implementation of a policy to promote activeness around it was found to be signicantly
eective in maintaining a compact urban structure. Where the initial state was sprawl mainly
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Fig. 6.7: total CO2 emission of Experiment 5
Fig. 6.8: history of scenario SEt30+
with private automobiles, however, these policies could not serve to control further sprawl
and use of private automobiles. This suggests that once residents established the lifestyle of
low-density residence in suburb and commuting by private automobile, that becomes robust,
irreversible, and very dicult to be upset.
Additionally, the introduction of a tramway, which would connect CBD with the suburbs
with sprawled residences, alone could only bring about similar results as mentioned above.
When combined with the introduction of the public facility and the implementation of the
policy to promote activeness, however, most of the private automobile users switched to
tramway use, although it took a long period. Simply put, the policy to promote activeness
is a policy to lead people to walk by giving them incentives. On the other hand, many
successful cases of introducing tramway in the real-world are characterized with combining
the introduction of a tramway with other policies. For example, in Karlsruhe, Germany,
transit malls are introduced in part of the railway routes, which restrict the use of private
automobiles [215]. Toyama in Japan has put forth an eort to revitalize shopping streets
located in railway routes away from the central station [217]. The policies implemented in
both cases serve as a benet for people traveling on foot. That is, this experiment claried
that the introduction of a tramway can exert a profound eect only when combined with
policies, which lead tramway users' walk before and after using the tramway, and how it can
oer great benets.
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As for the residence distribution in the same scenario, most of the residences that are
distributed along the tramway routes deviated from the initial poly-centric form compact
city, which was planned according to the zoning with separation between residences and job
locations. This, however, can gain the following positive evaluations of a mono-centric form
compact city. First, the residents can establish a life where residences and job locations are
nearby based mainly on use of public transportations, resulting in being free from trac
congestion and air pollution. Particularly, it is known that trac congestion decreases the
productivity and quality of life [29]. Second, mixed land-use provides the residents with a
broad range of social activities, while revitalizing the central urban area. By agglomeration of
the heterogeneous activities, residents become be able to enjoy the benets of "Urbanization
Economies", which is mutual complementary revitalization of economy [39, 41]. It has been
also demonstrated empirically that such mixed land-use and high-density residence were
necessary for a creative urban environment [153, 166].
Additionally, the simulation could not control further sprawl and private automobile uses
simply by introducing tramway alone that connects the CBD with suburb areas. This result
is supported by the research results that the introduction of sucient public transportation
in low-density residential zones in the suburbs of major US cities [218] and Madrid, Spain
[219] was inadequate to restrict urban sprawl and use of private automobiles.
6.4 Chapter Summary
In actual cities, improvement of the existent sprawl structure is considered to be impor-
tant. Additionally, recently tramway have been introduced in many cities by its ease of
introduction. Reecting these situations, the third question of this research was whether the
combination of the introduction of a tramway in the central urban area with introducing the
public facility for urban residents and implementing the policy to promote activeness around
it is eective in improving existent urban sprawl. To verify the third question, this chapter
developed the ABM and discussed the eect on improving the existent urban sprawl based
on the introduction of the public facility and the implementation of the policy to promote
activeness, through the simulation experiments. The simulation experiments are conducted
while changing the location of the public facility and the implementation scale of the policy
to promote activeness like the previous two chapters.
As a result, these experiments claried the following point and how it was: the urban
sprawl that has been formed along with the establishment of the residents' lifestyle over time
is robust and irreversible. Therefore, the combination of the proper location of the public
facility for urban residents and the policy to promote activeness around it is still inadequate
to overturn this sprawl, even though it can maintain a poly-centric form compact urban
structure in accordance with the initial plan.
Then, this chapter also discussed the eect on improving the existent urban sprawl based
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on the introduction of a tramway as a new travel mode for the residents in the sprawled
suburb area, in addition to the implementation of the same policies, through the simulation
experiments. The simulation experiments were conducted while changing the location of
the public facility and the implementation scale of the policy to promote activeness like the
above.
As a result, these experiments claried the following points and how they were. First,
the introduction of a tramway targeting the urban sprawl can exert a profound eect only
when combined with the above-mentioned policies, which lead tramway users' walk before
and after using the tramway, although it takes a long period. Second, a mono-centric form
compact urban structure, which diers from the initial plan, is realized along with the above-
mentioned point, and it improves the living environment for the residents and revitalizes the
urban central area.
All ndings described above suggest that when a public facility for urban residents is intro-
duced to improve urban sprawl, it is necessary to pay close attention in promoting activeness
around it and the synergistic eects with transport policies implemented in combination.
67

Chapter 7
Conclusion
This chapter concludes this dissertation by describing the research achievements through the
simulation experiments in the previous three chapters, and the future perspectives and issues.
7.1 Research Achievements
The purpose of this research is to verify the eectiveness of policies to control urban sprawl
and improve existent urban sprawl. So, this research designed an agent-based model (ABM)
for simulating urban structure changes through autonomous daily travel and residential re-
locations of urban residents.
The rst question of this research was whether the introduction of a public facility for
urban resident and the implementation of a policy to promote activeness around it are ef-
fective in controlling urban sprawl. To verify the rst question, by using this model, the
simulations were conducted while assuming the introduction of such a public facility and
the implementation of such a policy to promote activeness. As a result, these experiments
claried the following points and how they were.
• The combination of the proper location of a public facility for urban residents and the
implementation of a policy to promote activeness around it was eective in maintaining
a compact urban structure.
• The slight dierence in the location of such a facility might bring about the signicant
dierence in the future both static and dynamic urban environment.
The second question of this research was whether the combinations of the implementa-
tion of some transport policies with introducing the public facility for urban residents and
implementing the policy to promote activeness around it are eective in controlling urban
sprawl. To verify the second question, the above-mentioned simulations were followed by
other simulations based on the assumption of combining these policies with the two trans-
port policies: the policy to promote bicycle use and the policy to control private automobile
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use in an urban central area. As a result, these experiments claried the following points
and how they were.
• The synergistic eects of the policy to promote bicycle use, the proper location of a
public facility for urban residents, and the policy to promote activeness around it, could
impact positively on both static and dynamic urban environment.
• The synergistic eects of the policy to control private automobile use, the proper lo-
cation of a public facility for urban residents, and the policy to promote activeness
around it, could impact remarkably positively on the urban environment.
• Depend on the slight dierence in the location of the public facility, however, the
advance of the policy to promote activeness might impact rather negatively on the
urban environment.
All ndings described above suggest the followings. First, when a public facility for urban
residents is introduced to improve an urban environment, it is necessary to pay close attention
to its location and promoting activeness around it. Second, there are not only the positive
but also the negative synergistic eects of transport policies implemented in combination.
The third question of this research was whether the combination of the introduction of a
tramway in the central urban area with introducing the public facility for urban residents and
implementing the policy to promote activeness around it is eective in improving existent
urban sprawl. To verify the third question, furthermore, the above-mentioned simulations
were followed by other simulations based on the assumption of setting urban sprawl as the
initial state and combining these policies with the introduction of a tramway as a new travel
mode for the suburban residents. As a result, these experiments claried the following points
and how they were.
• The urban sprawl that has been formed along with the establishment of the residents'
lifestyle over time is robust and irreversible. Therefore, the combination of the proper
location of the public facility for urban residents and the policy to promote activeness
around it is still inadequate to overturn this sprawl, even though it can maintain a
poly-centric form compact urban structure in accordance with the initial plan.
• The introduction of a tramway targeting the urban sprawl can exert a profound eect
only when combined with the above-mentioned policies, which lead tramway users'
walk before and after using the tramway, although it takes a long period.
• A mono-centric form compact urban structure, which diers from the initial plan, is
realized along with the above-mentioned point, and it improves the living environment
for the residents and revitalizes the urban central area.
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All ndings described above suggest that when a public facility for urban residents is intro-
duced to improve urban sprawl, it is necessary to pay close attention in promoting activeness
around it and the synergistic eects with transport policies implemented in combination.
Additionally, the simulation model was validated according to the concept of Patters-
Oriented Modeling (POM). As a result, the simulation model reproduced the multiple social
phenomena (the observed patterns in the real-world, such as growth process of a low-density
suburb, expansion of urban areas, and switch from public transportation use to private
automobile use) which were not directly incorporated into the model. Therefore, it was
demonstrated that the simulation model can explain the real society to a certain level, and
the experimental results of this research are valid.
7.2 Future Perspectives and Issues
This research set a constant number of households during the model processing. In the real-
world, however, the population dynamics depend on each city. For example, observing the
actual cities on a wider area can show that a reduction in the population due to an excess of
moving out has become a serious issue rather than overcrowding due to an excess of moving
in regional cities of Japan. Some researches have indicated that it is much more dicult to
reorganize urban spaces undergoing population reduction in the real-world, than reorganizing
such areas experiencing population growth and expansion. Additionally, when residents select
the behaviors, it is well known that they are much inuenced by other residents' behaviors
that they are in contact with in their daily life and the social trends. Therefore, it would be
desirable to consider and reect these processes in the future simulation.
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